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PREFACE 



In the following pages it is my object to give con- 
cisely, the formulse and data necessary for computing the 
proper dimensions, etc., of Heating and Ventilating appli- 
ances, with a brief statement of the general principles upon 
which they are based. 

It is not intended as a theoretical work, but as a vade- 
mecum or book of reference for those having the neces- 
sary theoretical knowledge, and requiring a convenient and 
handy book containing the results of theory, relative to the 
subject, in a form suited for practical application. 

The deductions of European authors, made use of, have 
been modified to suit the conditions of our climate, prac- 
tiia, etc. 

In this second edition I have added practical rules and 
tables for determining size of boiler, grate surface, diameter 
of steam and hot-water pipes, and radiating surface for both 
hot-water and steam apparatus. 

Trenton, N. J., March, 1886. 
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GENERAL PRINCIPLES. 

Hot water apparatus, where the temperature in the boilei 
does not exceed 2 1 2°, should be adopted for buildings occupied 
continuously, and where steam from power boilers is not availa- 
ble, for instance : Schools, Court rooms. Hospitals and Dwell- 
ings ; steam on the other hand, for Churches, Theatres, Public 
Halls occupied at intervals, and such other buildings where 
steam is used as power and the application of the waste for 
heating purposes is practicable. 

The choice of Direct or Indirect radiation, will depend on 
the construction of the building, and on the purposes for which 
it is intended. It is sometimes impossible to obtain sufficient 
space in walls for heating flues ; or it may be objectionable to 
supply the radiators in the cellar or basement with air that 
might be contaminated by being taken from near the sidewalk 
or damp and unclean areas, when it would be an easy matter 
to supply direct radiators through openings in window breasts ; 
on the other hand, direct radiators in a room may interfe?e 
with the decorations, or it may be difficult to supply the fresh 
air. Direct radiation is the most economical, for the reason 
that radiant heat is utilized, while in indirect radiation it is 
partially lost 
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DIRECT RADIATION. 

In direct radiation, the coils or radiators R, are placed in the 
room (if possible on the coldest side) they are intended to warm ; 
the fresh air being conveyed to them, through flues F, to the 
lowest part of the coils, the flow of air being regulated by a 
damper D. 

The fresh air is heated by contact with the radiators R, tlie 



r I- 




surrounding walls and solid objects absorbing a certain amcjunt 
of radiant heat and again heating the air by contact. 

Radiant heat does not heat the air through which it passes, 
to any appreciable extent. 

The intensity of heat emitted by a plane surface, decreases 
with the sine of the angle formed between the direction of the 
rays, and the surface at the point of emission ; therefore circular 
surfaces are more effectual than plane ones. 
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INDIRECT RADIATION. 



In indirect radiation, the coils cr 
radiators are placed in other rooms 
than those they are intended to heat, 
generally the basement or cellar as at 
R, the fresh air being conveyed to 
them through flues or ducts F, and 
heated by contact, and thence 
through flues or ducts F„ into the 
various rooms ; the quantity of cold 
air being regulated by dampers D. 
The walls and solid objects in the 
rooms are heated by contact with the 
warmed air only. 





Arrows show direction of currento. 
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VENTILATION. 

Ventilation is either natural or mechanical or both, the first 
being by means of openings, such as windows, doors, etc. ; the 
second, by means of fans or chimneys, and the third, both 
combined, generally for summer ventilation. 

MECHANICAL VENTILATION. 
Vacuum Movement: Aspirating chimneys exhaust the air from 
the rooms, thus creating a partial vacuum for the pure air to 
occupy, coming in through the proper openings. The move- 
ment of the air in the chimney is produced by heating and 
rarefying the air in it ; the external air, being heavier, tends to 
push it up out of the chimney ; the fire or heater should be 
at the lowest point of the chimney. Exhaust fans fulfill the 
same functions as aspirating chimneys ; they may be located 
under the roof, or in the cellar — the foul air from them being 
conveyed, through ducts or shafts, away fi-om the building. 
The vacuum movement requires the doors and windows to be 
kept closed, during cold weather, so that the fresh air is forced 
to pass through the heating coils ; it has the disadvantage of 
causing inward draughts through crevices, etc. 

Plenum movement : The air is forced in from without by 
means of fans, the foul air passing off" through outlets in walls 
or ceiling. In rooms so ventilated, there is a slight outward 
pressure,- neutralizing any inward draughts, except through the 
proper channels. 

Mixed movement: Is a combination of the vacuum and 
plenum, and is applicable when one or the other is not of 
sufficient power. 

CURRENTS. 
Currents in ventilated rooms, are either directed upward or 
downward ; in the upward direction, the pure air is admitted 
at or near the floor, the impure air passing off at or near the 



GENERAL PRINCIPLES. 11 

ceiling. In the downward direction, the pure air is admitted at 
or near the ceiling, or through inlets in the walls near the floor, 
and the impure air, passing off through the floor, or openings 
in the walls near the floor. Public places above 15 ft. high, 
where large crowds assemble, should have the upward direction ; 
smaller rooms, offices, dwellings, etc. may be ventilated down- 
wards. 

The pure air inlets should be equally distributed around the 
room, with the outlets for the impure air, in such position, as 
to cause the currents to sweep the whole room, being careful 
for instance, not to place an outlet directly over an inlet. 

In the upward movement, the inlets may be in the floor, in 
risers of platforms, in sides of walls near the floor, in stationary 
desks, and in the front of stationary benches, etc., etc., etc. The 
outlets may be in the cornice, or ceiling, or side of walls near 
the ceiling. This method requires no changes with the sea- 
sons — the fresh air, in summer, entering in the same way that it 
does in winter, when the coils are heated. In the downward 
movement, on the other hand, the fresh air, in summer, may be 
admitted at or near the floor, and passed off", at or near the ceil- 
ing. Where windows are available, and so placed that cur- 
rents pass through the room, no provisions need be made in 
either method for summer ventilation except when there is an 
object to keep them closed to exclude noise and dirt. 

PROPER VELOCITY OF CURRENTS, IN FEET, PER SECOND. 

FEET. 

When entering at or near the ceiling and descending, 1.8 

When entering at or near the ceiling and horizontal, 4.0 

(when the openings are not less than 12 ft. above 

the floor.). 

When entering at or near the floor, maximum 2.0 

In ducts, shafl:s, etc 3 to lo.o 

To illustrate the theory of ventilation, let us assume a room 
to be filled with colored water, to represent vitiated or foul «r, 
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and the room to be completely submerged in clear water, to 
represent pure or external air. As air and water are subject to 
the same laws in regard to flow, it follows: 

First: If the room be perfectly tight, there will be no ex- 
change or mixture between the colored and clear water, and 
consequently no ventilation. 

Secondly : If openings be provided on sides, top and bottom 
of the room, the colored and clear water- having the same tem- 
perature, no mixture or ventilation will occur, except tlirough 
gradual diffusion equally through all openings. 

Thirdly : If the clear water be of a higlier temperature than 
the colored, the colored water will flow out of die lower open- 
ings, it being heavier, and the clear water will enter through the 
upper openings, filling the room, as the colored water leaves it. 

Fourthly : If the clear water be of a lower temperature than 
the colored, it will enter through the lower openings, pushing 
the colored water, which is lighter, out of the upper openings. 

From the above it follows, that : In cold weather, when the 

temperature of a room is higher than the external air, the air 

1 should be admitted at the 

iiiiltttr 



ExUrnal 
Air warmer 



Ceiling 
Fresh Air I Foul Air 

! 

Boom 



Y "i Y i 



External 
Air colder 



bottom, and passed off at 
the top of a room ; on the 
other hand, in warm weath- 
er, when the temperature 
of the room is lower than 
the external air, the pure air 
should be admitted at the 
top, and passed off at the 
bottom, thus. See Fig. 5. 
The movement as explain- 
AiTows show direction of currents. ed abovc, Can be revcrscd 

by either the vacuum or plenum methods, when desirable, 
but, if possible, the movements caused by artificial means, should 
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Fig.5 
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coincide with and assist those effected by nature (gravity), it 
being certainly more economical, when perfect ventilation is 
required. 

VACUUM MOVEMENT. 

Fig. 6 represents a section through a building showing the 
application of different kinds of heating and ventilation. 




Fig.6 
A section through a building. Airows show direction of currents, 

{Direct radiation, \ Currents ( Indirect radiation , J 
currents downward. ) upward. ( currents downward. ) 



Reference : — 

A, fresh air duct. 

B, direct radiators. 

C, indirect " 

D, coils in ridge for assisting ventilation by rarefying the ail 

at the outlet of ventilating flues. 
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Fig. 7 is a section through a building having an aspirating 
and a supply shaft. 




Ventilation : Vacuum movement ; Heating: Indirect radiation; 
Currents : Upward direction. 



Reference : — 

A, fresh air supply shaft. 

B, duct conveying fresh air to coils. 

C, coils. 

D, duct conveying foul air to chimney. 

E, fire and grate. 

F, aspirating chimney. 
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PLENUM MOVEMENT,. 
Fig. 8 is a section through a building showing the arrange- 
ment of supply sliaft, fan, radiator ox coil, and ridge venti- 
lation. 




Arrows show direction of currents. 

Ventilation: Plenum movement ; Heating: Indirect radiation; 
Currents: Upward direction. 

Reference : — 

A, is the fresh air supply shalL 

B, duct leading to fan. 

C, the fan, 

D, duct leadmg from fan to coils. 

E, heating coils under the room. 

F, flues transmitting the heated air to room. 

G, room. 

H, outlets in ceiling. 

K, coils in roof ventilator, to prevent the cold air from, coming 
in. 
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Loss OF HEAT in ventilated rooms is caused by :— 

ist. Units of heat required to warm the air passing 

through the room. 
2d. Units of heat absorbed by surrounding walls. 
3d. Units of heat absorbed by ceiling. 
4th. Units of heat absorbed by floor. 
5th. Units of heat absorbed by windows. 

Sources of heat in rooms are : — 

I St. Units of heat generated by the occupants. 

2d. Units of heat generated by the gas-hghts, oil lamps 

and candles. 
3d. Units of heat generated by the heating apparatus. 

It has been found by experience, that an adult man requires 
hourly, for respiration and transpiration, 215 cubic feet of at- 
mospheric air, or 215X0.077 = 16.5 lbs., and generates about 
290 units of heat, of which 99 units are dissipated in the forma- 
tion of vr.por, leaving 191 units to be dissipated by radiation to 
the surrounding objects, and by contact with colder air. 

The quantity of air required, and the heat generated by gas 
Hghts, can be estimated with sufficient approximation for prac- 
tical purposes. The specific gravity of gas, is about J^ that of 
atmosphenc air, or 0.038 lbs. per cubic foot, and requires for 

complete combustion, 0.038X17 =0.65 lbs. of air, or — '-^ 

0.077 

= 8.44 cubic ft. Each cubic foot of gas burned emits about 600 
units of heat. 

An oil lamp with a moderately good wick, consumes about 
154 grains per hour = 35 lamps per pound. Each lb. of oil 
demands 150 cubic ft. of air for complete combustion and gen- 
erates about 16,000 units of heat, or 460 per lamp. Candles, 
6 to the lb. may be reckoned the same as a lamp consuming 
oil, each candle burning about 170 grains per hour. 
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These data tabulated, give in round numbers ; 

An adult man vitiates per hour 2x5 cubic ft. 

Every cubic foot of gas burned 8.5 " " 

Every lb. of oil burned 150 " " 

Every lb. of candles, 6 to a lb 160 " " 

Units of heat generated by an adult, per hour 191 

Units of heat generated by one cubic ft. of gas 600. 

Units of heat generated by one lb. of oil or 

candles 1 5,000 to 18,000. 

An average gas burner consumes 

about 4 feet of gas per hour 

= 600X4 = 2,400 perbumer 2400 units per hour, 

Each flame from an oil lamp 430 to 5 1 5 " " 

Each candle 454 to 545 " * 
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AIR SUPPLY. 
Air vitiated: — ^The following are some of the vitiating causes: 

I St. Respiration and transpiration of human beings. 
2d. Respiration and transpiration of animals. 
3d. Burning of candles, oil lamps and gas-lights. 
4th. Operations generating smoke. 
5th. Operations generating dust and its disturbance. 
6th. Mechanical and chemical processes generating 
steam and gases. 

An adult man, under ordinary circumstances, requires for 
respiration and transpiration, 215 cubic ft. per hour, to be mul- 
tiplied by a factor so that the per cent, of vitiation shall not ex- 
ceed certain limits. 

Every cubic foot of gas consumed, requires for complete 
combustion, and that the air remains pure, 1,800 cubic ft. per 
hour. 

I Every pound of oil or candles consumed, 18,000 cubic ft. of air 
per hour, or ten times as much as gas. 

Air supply : — ^The following formulse will demonstrate the 
necessity of a greater supply of pure air than is vitiated by an 
adult per hour, so that the percentage of vitiation will not ex- 
ceed certain limits, say from 5 to 15 per cent. 
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Let V = Volume of fresh air in cubic ft. to be supplied per hour. 
V = Volume of air vitiated per hour = 215 cubic ft. per 

adult, 
p = Per cent, of vitiation admissible. 
C = Cubic contents of room to be ventilated. 

— = ; V = v ; v = ; p = .^^ , ; hence 

V p p 1— p*^V + v 

P 

when p = 0.02 0.03 0.04 0.05 0.06 0.07 0.08 
V will be 49 33 24 19 16 13 12 

0.09 o.io o.ii 0.12 0.13 0.14 0.15 
10 9 8 7 6.7 6 5.6 

times V respectively; consequently, a room, to contain not 
more than from 1 5 to 2 per cent, of vitiated air, must be sup- 
plied with from 5.6 to 49 times more fresh air than is vitiated, 
plus the quantity required for illuminating purposes. 

The following are some values for p, when v = 2 1 5 cubic ft. 
per hour : 

Barracks and Dwellings, p = 0.15 by day; p = o.io by night. 

Workshops p = o.io 

Prisons p ^ o.io 

Theatres p = o.io 

Schools p = o. 1 5 

Hospitals p ^ 0.07 by day and night. 

" p = 0.05 during hours of dressing. 

" p = 0.04 during epidemics. 

Example : — A hall, 40 x 40 x 20=32,000 cubic ft., having 30 
occupants, and illuminated by thirty gas lights, each consuming 
4 cubic ft. of gas per hour, how much pure air must be supplied 
per hour so that the limit of vitiation shall not exceed 0.10 per 
cent. ? 
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v = 215X30 = 6450 

V =v = 6450 = 6450x9 = 58050 cubic ft. 

for the occupants, and 

for illumination per hour 1800X30X4 = 216000 cubic ft. 

Total, per hour 274050 cubic ft. 



27401^0 
The air in the hall changing — — =^ = 8.56 times per 

hour, and the inlet areas required, for a velocity of r.5 ft. per 

, 2740150 274050 . 

second = ' ^.^ . = ' ^ = 50.7 sq. ft. 

1.5x60x60 5400 •' 



Carbonu acid : — ^The per cent, of carbonic acid contained m 
the air of a room, should be as near to that contained in air of 
normal condition, viz., 0.04 per cent., as can be practically 
obtained by means of ventilation; it should not exceed 0.06 per 
cent., for rooms continually occupied; when it reaches 0.09 per 
cent., the air becomes disagreeable to the senses. 

To compute the per cent, of carbonic acid in the air of a room 
supplied with fresh air as per foregoing formulas, 

Let p, = Per cent, of carbonic acid in the room, with continu- 
ous ventilation, 
pj = Per cent, of carbonic acid in normal air = 0.04. 
c = Carbonic acid given out by an adult man per hour 

= 0.6 cubic ft. 
q = Volume of air in cubic ft. per man, per hour. 

Then wUI : q = ^^ zoo ; and Pi = ^ (c-p.) +p^ 
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Example: — 
p = a.io; q = 415X9 = 1935) 



100 / -; » , 100X0.56 

p, = (0.6—0.04) +0.04 = ^- +0.04 = 0.0680, a 

«93S 193s 

little more than the standard of 0.06 per cent. To reduce 

0.6—0.04 
It to 0.06 per cent., q would have to equal — 100 



0.06—0.04 



■» — 100 = 2800 cubic ft. per hour, per man. 
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FLOW OF AIR IN ASPIRATING CHIMNEYS OR 
VENTILATING SHAFTS. 




Reference:— See Figs. 9 to 9I. 
h = Height of chimney ^lii + lij. 
1 = Total length of ducts = h + h, + l, + l, 
f= Coefficient of friction in ducts, etc. 
f,= " " in elbows, etc. 
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g = Accelerated gravity = 32.166 ft. 

e = Expansion of air per 1° temp. = 0.00208. 
A = Sectional area of duct, etc. 

p — Periphery of area. 

u = Units of heat in i lb. of coal on grate A. 
% = Per cent, of loss by radiation through walls of chimney. 

k = Number of lbs. of coal used per hour. 

s= Specific heat of air = 0.238. 
U = Units of heat per hour in chimney. 
W = Weight of air in lbs. carried oflf per hour. 

V = Volume of air passing through chimney per hour, 
w = Weight of a cubic ft. of air of the internal temp., t^ 

V = Velocity of air in ft. per second in ducts. 
t = External temperature. 

t, =; Internal temperature in room. 

t,= " " in chimney. 

tj = Increase of temperature in chimney, by fire, etc 

_ / e(t,-t). 2gh ^_ v'(^+et){x+f^+f.} 

U = u%lc; t3 = ^; W=Vw; k=^; t, = t,+t. ; 
A 



vMr+et){x+f-+f.} 



V = 36ooAv: A= , 

3600V 

u, generally for coal = 6000. 

% = 0.90. 



-(t.->t); d = ^, 
V 



VENTILATION. 



23 




For Figs. 9a to gd: 



Jfig- So 



Fig>9d. 



/ (t, -t)h,+ (t,- t)h. 



I +et, 




A-U, 


"1 


t2 
nil- 


h 


t 





Fig. 9s 

For Figs, gf to gi : 



Fig. eyx 



/ iU - t) h 
v = o.366V 1 ; 



i + fj+f.' 



I +et, 
I + et ' 
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1-u, 



jt>, 





f2 




T^ 


t2 








1 




^ t- M 




^1 t,--f- k. ^fs| 




M 


n 


\ 


Fiff. 9Ii 




yig. SI 


For Figs. 9k and 9 


1: 






/(t,- 


- t) h, + (t, - t,) h. 


v = 0.366 Y 


i + f^ + f. ' 


V ^ + ^ ^ 







I + et 



COEFFICIENTS OF FRICTION. 

0.217 

f = 0.024; or " ; for rougli flues f = 0.05. 

V V 

Air passing from a smaller to a larger flue, through an 
opening in a wall, Fig. 10. 



^'s-\o A, A,, Aj, = areas of flues, etc.; a = 0.60 

■ WhenA> A„f.= {^_xj'. 

\\ ^^ ( A,a ) 

whenA. = A, <A, i. = {^-i}° 




^2 kia 
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' = li + h, + 1, + 1^ = 150 + 100 + 10 + 10 3= 270 ft, 

t = 50°. 
t. = 70°. 
t, = 90° = tj + t, = 20° + 70°. 

f = 0.05 for brick flues. 

f. for two square elbows = 1.5x2 = 3.0. 

5X4 ^ 



=v- 



y_ Wt=-t) 2gh 



•+" .+4+t 



/o.oo2o8(9o— 50) 2X32.166X150 

V 1+0.00208 X 50 270 

1 + 0.05-^+3 



/0.08320X9650 /802.88 / 

=v 1.104x6.7 = v-^^r = V '°^'S 

= 10.4 ft. per second. 

V = Av 3600 = 25X 10.4X3600 = 936000 cubic ft. pej 
hour. 

W = Vw = 936000X0.075 = 70200 lbs. 

, 20X0.238x70200 



5400 



= 62 lbs. of coal per hour. 



Example: — Required the velocity v of the outflowing air of 
shaft as per Fig. No. 9a, having the following dimensions: — 

h,= 20 ft.; h,= 80 ft.; 1 = h, + h,^ 100 ft. 
A= 2 X 2 =4 ft.; t = 3o°; t, = 70°; t, = 100". 

4 X 4 16 r °-2I7 

d = = — ^ 2; f ^ . , — = 0.07. 

2X48 y'9 

f, = Coefficient of friction at mouth of shaft. See Fig. 
II, page 24, = 0.5. Hence: — 
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Air passing from a larger to a smaller flue, Fig. ii. 




Fig.ii f, = I - — 1 I = 0.444 > say 0.50. 



Air passing through a wall or plate, Fig. 12. 



Fig.l2 



f. = 0.50. 



Square Elbow, Fig. 13. Circular Elbow, Fig. 14. 






4 = i-So- 




f. = 0.50. 



FLOW OF AIR IN ASPIRATING CHIMNEYS OR VEN- 
TILATING SHAFTS. 

Example : — See Fig. 9. Shaft and ducts square. 

Let u ^ 6000 X 0.90 = 5400. 
s = 0.238. 
h = 150 ft. 
hj = 100 ft. 
/- = S X S = 25 sq. ft. 
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/ (70— 30) 20 + (l( 

V^ 0.366 \/ 100 
' I + 0.07 



(100 — 30) 80 



+ 0.07 h 0.5 



2 



0.366 ./ 800 + 5600 _ „ 66 /6 

T I + 3-5 + o-s y 



6400 

5 
^ 0.366 X 35-7 = 13.066 feet per second. 



Example:— What is the velocity in shaft as per Fig. gi? 
Dimensions, etc., same as above, except that tj = t = 30°, 
and h = h^ ^ 80 ft. Hence :— 

V = 0.366 4/(i°°EM8^= ^.366 /i6^o 

K 1 + 3-5 + 0.5 V 5 

= 0.366 X 33-5 = 12.26 feet per second. Should the 
fire or heater be at the bottom, h = 100 ft., v becomes 

0.366 ./(t°°-3°) i°°= 0.366 i/7°°° 
T I + 3-5 + o-S T 5 

= 0.366 X 37.4 = 13.7 ft. per second. 

Example: — In shaft as per Fig. 9k, having the following 
dimensions: — 

h,^ 80; h, ^ 20, and t ^ 30"; tj= 70"; t.,= 100° 
assuming a frictional resistance of 5, 



V = 0.366 i/(l 



00 — 30) 80 4- (100 — 70) 20 



S 
600 



= 0.366 X 35.2 = 12.88 ft. per second. 
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FANS. 

VOR VACUUM OR PLENUM MOVEMENT, ACCORDING 
TO RITTINGER. 




Reference: — See Fig. 15. 

V = Volume of air delivered in cubic ft. per second. 

h = Height manometer, in duct, in feet ; generally 0.05 to 

0.6 feet. 
c = Velocity of the air entering the fan. 
c. = Velocity of the air leaving the fan. 
r = Outer radius of vanes, 
r, = Inner radius of vanes, 
r^ = Radius of inlet. 
1 = Radius for the curve of vanes, 
b = Width of vanes, 
a = Height of outlet, 
a, = Distance from vertical radius to point e,. 
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n := Number of revolutions per minute. 
z° = Angle between radius and initial line of vane. 
Hp = Horse power required. 

When there is only one inlet, When there are two inlets, 

Ta ^ -A > "■ » ^^ "v » 

V c;r * 2c;r 

J. 3 r ° 

2/Tr,C 

r, = r, to 2r,; 



""^^V-^ 



r"— r' . nr 

1 = T-^ — , in which the tangent z° = 0.1047 — ^ describes 

2r, sm. z° c 

a curve from the point e, to the inner periphery of vanes. 



a = — I in which c, = _/ < - c | +0.01 1 n'r' ; 

a, = 0.159 a; 

The^ of effect is generally from 30 to 60, therefore for 40^ 

Hp = ^l^Vh = o.28Vh. 
55° 4° 

The shell of this fan has the form of an archimedean spiral, 
beginning at point e. 

The number of vanes = lorj, generally 4 to 6. 
c = 10 to 40 ft. per second. 

Example : — How many horse power are required to deliver 
260 cubic ft. of air per second, when h = o.i ? 

Hp = o.28Vh = 0.28x260X0.1 
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FANS. 

FOR VACUUM OR PLENUM MOVEMENT, ACCORDING 
TO COMBES. 




Reference: — See Fig. i6. 

A = Sectional area of air current, as it leaves the fan. 
A. = Sectional area of air current, as it enters the fan. 
Aj = Sectional area of delivery duct. 
V= Volume of air delivered in cubic ft. per second, 

theoretical quantity. 
V, = Volume of air delivered in cubic ft. per second, 
actual quantity passing through the duct. 
b = Width of fan, outside. 

b, = Width of fan, inside. 

c = Velocity of air entering the fan, theoretical. 

c, s= Velocity of air leaving the fan, theoreticaL 
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c, = Velocity of air leaving the fan, actual, from 6 

to 20 ft. 
d = Outer diameter of fan. 

d. = Inner, diameter of fan. 

_ Column of air 28133 
Column of water ~ 33-95 ~ 
g = Force of gravity = 32.166 ft. 
h = Height of manometer, from 0.025 ^° °-^ ^^• 
k = Per cent of effect, from 20 to 50. 
1 = Radius for vanes = ^d to §d. 
n = Number of revolutions per second, from i to 2. 
r = Outer radius of vanes, 
r, = Inner radius of vanes, 
v = Velocity of periphery of vanes. 
f aM z° = Angles between tangents and initial line of vanes. 
Hp = Horse power required. 

V 

c = Vzghe approx. = -- =v, generally from 6 to 30 ft 
Aj 

c° 
h = — ; V = dn;r : A = db;r sin z"; 
2ge 

A, = dib^TT sin. z," ; 

— ^^ ^' ^ . — -Xi Z££ . 
r b sin. z° ' ~ Ac, k ' 

It- ]r too 

V.=V— =nAc.— ; V = n Ac. = V. -j- ; 
' 100 100 k 

62. sVh 62.sV,h 100 .,„ 

Hp = — ^ — = — 2-^ X -j- =o.ii3Vh 

^ 55° 55° k 

100 
= o.ii3V,h — ; 

^ = A, = b.d,7r = bd;r; b = b.i; b.=b^; 

d = d,^d. = d^;b = id;r, = ^r;b, = ^r; 
' b b, 10 100 ' 100 

z°= Generally from 40° to 60°. 

Number of vanes, i.sr,, generally from 6 to 16. 
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Example : — See Fig. 16. 

Required the volume of air delivered by a fan of the follow- 
ing dimensions : — Per cent, of effect, k ^ 25. 

d = 16 ft. ; r = 8 ft. ; r. = 5 ft. ; b = 1.25 ft. ; b, = 2.25 ft. 
z° = sin. 47° = 0.73. 

h = 0.025 ft; 1 ^ 10 ft. ; number of vanes 16 ; and n ^ 2 
= 120 per minute. 

0= •V/2X32. 166X0.025 X829 =: 36.6. 

5 2.2c 36.6 , 

Cx = 5 X — 5 X -- = 56.4. 
8 1.25 0.73 

A = 16 X 1.25 X 3-1416 X 0.73= 4S-86- 

V = 2x45-86x56.4 = 5175. V, = 5175 ^ = 1293.75. 

Si7SX°-o2SX62.s 

Hp = ^—^ -^ ^ — 14-7. 

55° 



Note : TJie seotional area of duct leading from the fan, sbould not be leu 
tlutn A. 



HEATING. 



GENERAL PRINCIPLES. 

Unit of heat : — Is a standard term for measuring the amount 
of heat absorbed or emitted during any operation ; in the 
United States and Great Britain, it is the amount of heat neces- 
sary to raise the temperature of i lb. of water i° Fahrenheit. 
Thus, to heat 50 lbs. of water 1° would require =50 x i 
= 50 units, or if it were required to heat 50 lbs. 20° it would be 
50X 20X I = 1,000 units. 

Specific heat : — Is the capacity of a body for heat; it is the 
number of units of heat necessary to raise the temperature of 
the body, 1° Fahrenheit. See table. 

Transmission of heat : — 

I St. By radiation ; that is, the heated body giving out its heat 
in rays. 

2d. By convection, the heat being conveyed from the heated 
body through flues. 

3d. By conduction, the heat passing from a heated body to a 
colder one, when in contact. 

Loss of heat, or cooling of bodies, -^'Bo^ts are cooled : 
I St. By radiation. 

2d. By contact, (with cold air. or a, colder body). 
3d. By conduction. 
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Temp, of air in room, see Fig. 17. 

Temp, of surfaces of walls. 
H, be the heated body. 
L, = Loss of heat by radiation. 
Lj = Loss of heat by contact. 
L3 = Loss of heat by conduction. 




Fig.l7 



H will lose : 

ist. By radiation (L,), when T = T, = t^ = t3 > t = t, ; 
2d. By contact (L,), when t = t, = t, = t, > T = T. ; 
3d. By conduction (L3), when T, =t. = tj > T = t = tj 
4th. By radiation, contact and conduction (L.+L^+Lj), 
when t3 > T = T. = t, = t = t,. 



Loss of heat by radiation : — Radiation is not affected by the 
form of the body, nor by the distance of the absorbing body; 
i' possesses the property of passing through moderate thick- 
ness of air or gases without heating them or losing any of its 
heat, to any appreciable extent. Air and gases can, under 
ordinary circumstances, be heated by contact only. 

Reference : — 

L, = Units of heat absorbed or emitted per square ft. per hour, 
by radiation. 
r = Factor for loss of heat by radiation, from experiments of 
Peclet. See table. 
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t = Temp, in Fahr. of the radiating body, 
t. = Temp, in Fahr. of the absorbing body. 

L, = 22sr (1.0043'"^''— i-oo43"~^°)- 

For small differences between t and t, say 30°, when t, = 60° 

to 70°. 
L, := r (t — t,), will be sufficiently accurate for all practical 
purposes. 

VALUES OF r; 
Being the radiating and absorbing power of bodies, in units 
of heat per square ft., for a difference of 1° Fahrenheit, from the 
experiments of Peclet : 

Silver, silvered Copper 0.02657 

Copper 0.03270 

Tin 0.04395 

Zinc and Brass, polished 0.04906 

Iron, tinned 0.08585 

" sheet 0.09200 

" ordinary 0.56620 

'' cast, new 0.64800 

" sheet and cast, rusted 0.68680 

Lead, sheet 0.13286 

Glass 0.59480 

Chalk 0.67860 

Wood sawdust, fine 0.72150 

Building stones. Plaster, Wood, Brick 0.73580 

Sand, fine 0.74000 

Calico 0.74610 

Woolen stuffs 0.75220 

Silk stuffs, Oil paint 0.75830 

Paper 0.77060 

Lampblack 0.81960 

Water [.08530 

Oil .' 1.48000 

2* 
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Loss of heat by contact with air: — The heat absorbed fiom 
a body by contact with cold air, is not influenced by the nature 
of the surface, all materials losing the same amount, under sim- 
ilar conditions of temperature ; nor does the form of the body 
affect the result materially, as was formerly supposed (see Gras- 
hof, " Theoretische Maschinenlehre," 1875); the loss varies only 
with the more or less disturbed condition of the air in contact, 
which is expressed by the factor y = 4, for quiet air, and for 
more rapidly moving air, as continually renewed air in room, 

y = S- 

Reference : — 
Lj = Loss of heat by contact, per sq. ft. per hour. 
t = Temperature of the heated body. 
T = Temperature of the air in contact (average). 
y = Factor = 4, for quiet air; = 5, for moving air. 

L, = o.09824y(t - If^^^' 

For small differences between t, and T, say 30°, when T = 60° 
to 70°, L^ = 0.09824 s(t — T) will be sufficiently accurate for 
all practical purposes. 

Loss of heat by conduction .-—A wall separates two rooms, 
A and B; A, having a temperature of 70°, and B, 40°, there 
will then be a certain amount of heat transmitted through 
the wall, from A to B ; the amount transmitted varying with 
the material of which the wall is built, and its thickness, for 
similar conditions of temperature of the surfaces. 

Reference : — 

Let L3 = Loss of heat by conduction per sq. ft. per hour. 
t = Temperature of heated surface, 
tj = Temperature of cold surface, 
e = Thickness of body between t and tj. 
c = Conducting power of the material, being the quanti- 
ty of heat transmitted, by a plate, i inch thick, the 
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difference of temperature between the two surfaces, 
t — t, = 1° Fahrenheit, in units of heat, per square 
foot per hour. See table, page 37. 

Loss of heat through walls and wi7idows, per square foot 
per hour. 

Reference : — 
c = Conducting power of material, as per table, page 37. 
e = Thickness of wall or plate, in inches, 
r = Radiating power of the material, see table, page 33. 
Ij = Loss by contact of air, for a difference of 1°, see 

L=,page 34. 
q = r + U. 

T =: Temperature of internal air (in room). 
T, = Temperature of external air. 
T, = Temperature of internal air in adjoining room, 
t = Temperature of internal surface of wall, 
t, = Temperature of external surface of wall. 
t, and tj = Temperature of surfaces of wall, next to adjoining 
room, 
tj = Temperature of glass in windows, etc. 
U = Total units of heat lost per hour, per sq. ft. 
W = Walls or windows. 

Loss of heat through floors : — When the floor is exposed to 
the external air, the loss of heat will be by conduction only, and 
the formulas for loss of heat ihrough walls will apply, but when 
not so exposed this loss will be null. 

Loss of heat through ceilings ; — When the ceiling is compos- 
ed of brick arches, concrete, or joists lathed and plastered, and 
covered by a roof, the loss will be null ; but when the roof forms 
the ceiling, and is either of brick, concrete, slate, tin, glass, etc., 
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the loss will be considerable by conduction, the same formulas 
applying as for walls, etc. 

Loss of heat through walls and windows : — When all sides 
of the building are exposed, Fig. i8. 




t = 



q(el,T+cT.)+l,cT. 



t. = 



c(2l,+r)+el,q ' 
ct+qeT. 



c+qe ' 



U = l.(T-t)=:^^')=q(t-T,) 
_ q(t-T.) __ I.cq(T-T,) . 



e c(2l,+r)+el,q 



i+q 



When one side only of the building is exposed, Fig. 19. 
"' "' When t, = T, 




t = t,- 



U 



q 

/T-T, 



' '^q ' 



U^ 



(i^-^.) 



_ c(t-t,) . 
e e 



i+q- 



ForwallW,, t3 = "i^i-A^t, ; T, = li^+t3. 

Loss of heat through glass (windows, etc.) : — ^Windows, etc., 
of thin glass, not more than }£ inch thick. 

When T = t = t„ When T> t„ 



t = 



T+T. 



u = q(T-g. 



(T-t)U 

_ q 



-t+T. 



U=UT-tJ+r(t-t,). 
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When all sides are glass (conservatories), 
When T>t, 

(l,T)+(l,+r)T. 



t4 = 



2l,+r 



; U=l.(T-g. 



CONDUCTING POWER OF MATERIALS. 

Value c, being the units of heat transmitted per hour per 
square foot of a plate i inch thick, the two surfaces differing 
in temp. i°. 



Copper 515 

Iron 233 

Zinc 225 

Lead 113 

Marble, gray, fine 
grained 28 

Marble, white, coarse 
grained 22.400 

Stone, calcareous, fine, 16.700 
" " ordi- 
nary 13.680 

Glass 6.600 

Brick-work, baked clay 4.830 

Plaster, ordinary 3.860 

Oak, perpendicular to 
fibres 1.700 

Walnut, perpendicular 

to fibres 0.830 

Pine, perpendicular to 
fibres 0.748 



c = 
Pine, parallel to fibres . . 1.370 
Walnut, parallel to fibres . 1.400 

Gutta percha 1-380 

India rubber i-37o 

Brick dust, sifted i-33o 

Coke, pulverized 1.290 

Cork 1-150 

Chalk, in powder 0.869 

Charcoal of wood, pow- 
dered 0.636 

Straw, chopped 0-563 

Coal, small sifted 0.547 

Wood ashes 0.531 

Mahogany dust 0.523 

Canvas of hemp, new ..0.418 

Calico, new 0.402 

Writing paper, white . . - 0.346 
Cotton, or sheep's wool. 0.323 

Eiderdown °-3i4 

Blotting paper, gray 0.274 



For double windows, when the glass is not less than 2 inches 
apart, c = 3.6. 

Stagnant air, c = 0.3. 
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UNITS OF HEAT EMITTED OR ABSORBED PER SQUARE 
FOOT PER HOUR. 



VALUES OF (t - 


-T) 


1-233 := 


VALUES OF 


1.0043' -3=. 


Whent — T= (t- 


-T)- 


233 = 


When t or ti= 


i.oo43'-3== 


10° 




17.10 


40° 


1-034 


20 




40.19 


5° 


1.079 


30 




66.20 


60 


1.126 


40 




94-52 


70 


I-I7S 


5° 




124.40 


80 


1.226 


60 




155-76 


90 


1.280 


70 




188.36 


100 


1-336 


80 




222.08 


no 


1-394 


90 




256.79 


120 


1-455 


100 




292.42 


130 


1.518 


no 




328.88 


140 


1.584 


120 




366.13 


15° 


1-653 


130 




404.21 


160 


1-725 


140 




442-77 


170 


1.800 


150 




482.08 


180 


1.878 


160 




522.01 


190 


1.960 


170 




562.53 


200 


2.046 


180 




603.61 


210 


2-135 


190 




645.21 


220 


2.240 


200 




687.34 


230 


2-338 


210 




729-95 


240 


2.441 


220 




774-83 


250 


2.548 


230 




816.61 


260 


2-659 


... 






270 


2.776 


... 






280 


2.898 


■- 






290 


3-025 








300 


3-158 



See X.J and L^, pages 33 and 34. 



HEATING. 



39 



Loss of heat by the incoming fresh air : — In ventilated rooms, 
where a certain amount of fresh air is suppHed, and impure air 
displaced, the heat necessary to raise the fresh air to a given 
temperature in the room, equals a certain loss per hour. 

Reference : — 
Let U = Units of heat necessary to warm the fresh air. 
T= Temperature of the internal air, generally 70°. 
T, = Temperature of the external air, see table. 
Q = Cubic contents of room, in feet. 
n = Number of times that Q is to be renewed per hour, 
w = Weight of a cubic foot of air, at the temp, of T,. 
s = Specific heat of air, see table, page 42. 
U = Qnws (T - T,). 



HOT WATER PIPES. 
Heated body of cast iron, r = 0.648. 

UNITS OF HEAT, U, EMITTED OR ABSORBED, PER SQUARE FOOT PER HOUR. 



-:|- 


■3 


UNITS or HEAl 


PER SQUARE 


POOT PER HOUR. 


tH 


By contact, 




By radiation and contact com- 


ill 


H % 


L 


2= 




bined, 


L,-^L2. 


a g 






By radiation, 






Si 


B " 


,y-3. 


. y=5.' 




.>'=3.. 


. y=5.' 


iS « 


air quiet. 


air moving. 


^i ~ 


air quiet. 


air moving. 


70 


70 

















80 


it 


5-04 


8.40 


7-43 


12.47 


15-83 


90 


t( 


11.84 


19-73 


15-31 


27-15 


35-04 


100 


it 


19-53 


32-55 


23-47 


43.00 


56-02 


no 


li 


27.86 


46.43 


31-93 


59-79 


78.36 


120 


It 


36.66 


61.10 


40.82 


77-48 


101.92 


130 


it 


45-9° 


76.50 


50.00 


95-90 


126.50 


140 


tt 


55-51 


92.52 


59-63 


115.14 


152-15 


ISO 


tt 


65-45 


109.18 


69.69 


135-14 


178.87 


160 


(( 


75.68 


126.13 


80.19 


155-87 


206.32 


170 


It 


S6.18 


143-30 


91.12 


177-30 


234.42 


180 


tt 


96-93 


16I-SS 


102.50 


199-43 


264.05 


190 


tt 


107.90 


179-83 


114-45 


222.35 


294.28 


200 


tt 


119.13 


198-55 


127.00 


246.13 


325-55 


210 


tt 


i3°-49 


217.48 


139.96 


270.49 


357-48 
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Lf t — 32 ti — 32. \ 

. = 2251(^1.0043 —1.0043 ) 

L, = o.o9824y(t-T)'''''' 

Units of heat u„ emitted per lineal foot of pipe per hour. 
Let d ^ Diameter of pipe in ft. 

u, = ud3.i4i6. 



STEAM PIPES. 
Heated body of cast iron, r = 0.648. 

TTNITS OF HEAT, U, EMITTED OR ABSORBED, PER SQUARE FOOT PER HOUR 



*^'& 


^ 


'i 




UNITS OF HEAT PER SQUARE 


FOOT PER HOUR. 




s» 


By contact, 




By radiation and contact com- 


g-o" 


r- .0 


L 






bined, L,iLj= 


"a» 


e 




a 


By radiation. 




€i^ 














I.S-S. 


a '3 


.y=3' 


. y=s. 


L.= 


y=5. 


. y=5- 


S's 


i5 


air quiet. 


air moving. 




air quiet. 


air moving. 


210 


7° 


130.49 


217.48 


139.96 


270.49 


357-48 


220 






142.20 


237.00 


155-27 


297.47 


392.27 


230 






153-95 


256.58 


169.56 


323-51 


426.14 


240 






165.90 


279.83 


184-58 


350-48 


464.41 


250 






178.00 


296.66 


200.18 


378.18 


496.84 


260 






189.90 


316.50 


214.36 


404.26 


530-86 


270 






202.70 


337-83 


233-42 


436.12 


571-25 


280 






215-30 


358-85 


251.21 


466.51 


610.06 


290 






228.5s 


380.91 


267.73 


496.28 


648.64 


300 






240.85 


401.41 


279.12 


519-97 


680.53 



Examples : — See table, page 38. 

Let t =210°; t. = T = 7o''; r = 0.648, and 7=3. 
L, = 225X0.648(2.135 - 1. 175) = 139.96. 
L, = 0.09824X3X442-77 = i3°-49- 
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Units of heat required, per sq. ft. per hour, of heating 
surface, to heat i cubic foot of air, at different temperatures. 

Reference : — 

T = Temperature of air in room. 
T, = Temperature of external air. 
s = Specific heat of air = 0.238. 
w = Weight of a cubic ft. of air at T,. 
Uj = Units of heat required, per sq. ft. of heating surface 

per hour, 
u = Units of heat per sq. ft. of surface, per table, p. 39 40. 

u,= ws(T-TO; q = -^- 

q = Cubic ft. of air heated from T, to T, per sq. ft. of 

heating surface. 



- E 


Temperature of air in room, T = 


If 


40= 


so- 


60° 


70° 


80° 


90" 


100° 


110° 


120' 


130° 




U2 := 


us = 


Us = 


U3 => 


u» = 


Uz = 


u,= 


Uj = 


Uj,= 


Ua = 


0° 


0.822 


1.028 


1-234 


1-4.39 


1.645 


1.851 


2.056 


2.262 


2.467 


2.673 


lO" 


0.604 


0.805 


1.007 


1.208 


1.409 


1.611 


1.812 


2.013 


2.215 


2.416 


20° 


0.393 


O.S90 


0.787 


0.984 


1.181 


i-37« 


1-575 


1.771 


1.908 


2.165 


S0» 


0.192 


0.38 s 


0.578 


0.770 


0.963 


1-155 


1-345 
1.128 


1.540 


1-733 


1.925 


40" 


0.000 


0.188 


0.37b 


0.564 


0.752 


0.940 


1.316 


1.504 


1.692 


■;o° 


0.000 


0.000 


0.184 


0.367 


0.551 


0-735 


0.918 


1.102 


1.286 


1.470 


60° 


0.000 


0.000 


0.000 


0.179 


0..359 


o-5.3« 


0.718 


0.897 


1.077 


1.256 


70° 


0.000 


0.000 


0.000 


0.000 


0.175 


0.350 


0.525 


0.700 


0.875 


1.049 



Example : — 

How many cubic feet of air, moving, will a square foot of cast 
iron pipe heat, by contact alone, the temperature of pipe being 
160°, the external air 40°, and required temperature of room 
70°? 

By table, u = 126.13, ^'^^ "= = °■^^^'> 
u 126.13 



hence, 
2»# 



^ = u = 



0.564 



: 223.6 cubic ft. (the answer). 



42 



HEATING AND VENTILATION. 



SPECIFIC HEAT OF SOLID, LIQUID, AND GASEOUS 
BODIES. 



Number of units of heat necessary to heat 
one pound of the body i" Fahr. 



Iron, wrought o.i 138 

" cast 0.1298 

Copper 0.0951 

Tin 0-0569 

Zinc 0.095s 

Brass 0.0939 

Lead 0.0314 

Mercury 0.0333 

Gold 0.0324 

Silver 0.0570 

Platina 0.0324 

Bismuth 0.0308 

Glass 0.1977 

Marble, white 0.2158 

Chalk, white 0.2148 

Burnt Clay, white . 0.1850 

Coal 0.2777 

Sulphur 0.2026 



Spermaceti 0.3200 

Wood, pine 0.6500 

Wood, birch 0.4800 

Beeswax o-45oo 

Ice 0.5040 

Water i.oooo 

Olive oil 0.3096 

Alcohol 0.6220 

Oil of Turpentine 0.4720 



Gases under a constant pressure of 30 inches 
mercury. 



Oxygen 0.2182 

Hydrogen 3.4046 

Nitrogen 0.2440 

Carbonic Acid 0.2164 

Sulphuretted Hydro- 
gen 0.2423 

Vapor of water 0.4750 

Air 0.2380 



WEIGHT AND VOLUME OF WATER OF DIFFERENT 
TEMPERATURES. 

Reference : — 

V — Volume of water of temp. T, that at 39° being unit. 

T = Temperature of water. 

w = Weight of a cubic ft. of temp. T. 

W = Weight of a cubic ft. at 39° 



V = i + 



(T-39)' 



2009000 [o.23+o.ooo7(T— 39)] ' 



W 
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WKIGHT AND VOLUME OF WATER OF DIFFERENT TEMPERATURES, 



r 1 


V 1 


w 


T 


V 


w 


32 


1. 000109 


62.387 


125 


1.012743 


61.603 


35 


1.000035 


62.386 


130 


1. 014098 


61.521 


39 


1. 000000 


62.38805s 


13s 


1-015505 


61.435 


40 


1.000002 


62.388 


140 


1. 016962 


61-347 


45 


1.000077 


62.383 


145 


1.018468 


61.257 


5° 


1.000254 


62.372 


15° 


1. 020021 


61.163 


55 


1. 000531 


62.355 


15s 


1. 021619 


61.068 


60 


1. 000901 


62.332 


160 


1.023262 


60.970 


65 


1. 001362 


62.303 


165 


1.024947 


60.869 


70 


1. 001909 


62.269 


170 


1.026672 


60.767 


75 


1.002539 


62.230 


175 


1.028438 


60.662 


80 


1.003249 


62.186 


180 


1.030242 


60.556 


85 


1.004035 


62.137 


185 


1.032083 


60.449 


90 


1.004894 


62.084 


190 


1.033960 


60.339 


95 


1.005825 


62.027 


195 


1-035873 


60.227 


too 


1.006822 


61.965 


200 


1.037819 


60.114 


'°S 


1,007965 


61.899 


205 


1.039798 


60.000 


no 


1.009032 


61.829 


210 


1.041809 


59.884 


115 


1.010197 


61.758 


212 


1.042622 


59-838 


120 


1.011442 


61.682 


... 








VOLUME AND WEIGHT OF DRY AIR. 

At different temperatures, under a constant atmospheric pres- 
sure of 29.92 inches in the barometer, the volume of 32° being 
unit. 

Dry air expands or contracts uniformly 0.0020825 ^'^s volume 
per degree Fahr. in difference of temperature. 



Reference : — (Contents in cubic ft. and lbs.) 



V = Volume at temp. T. 

V = Volume at temp. t. 



v = '{^+.l^-. 



480 (V-i) 



44 



HEATING AND VENTILATION. 



W= Weight per cubic ft. at 33° = 0.0807. 
w = Weight per cubic ft. at T. 

W 

Example : — 

V = 20 cubic ft. of air at 40° = t, is to be heated to 
80° = T ; what is the volume V ? 

V = 20 > — I- I I = 21.660 cubic ft. (the answer). 

I 4.80 ^ / ^ 



Note- — In the following table V= i, and t= 32". 

VOUTME AND WEIGHT OF DRY AIR. 



T 


V 


w 


T 


V 


w 





°-93S 


0.0864 


27s 


r-49S 


0.0540 


12 


0.960 


0.0842 


300 


1.546 


0.0522 


22 


0.980 


0.0824 


325 


1-597 


0.0506 


32 


1. 000 


0.0807 


35° 


1.648 


0.0490 


42 


1.020 


0.0791 


375 


1.689 


0.0477 


52 


1. 041 


0.0776 


400 


1-75° 


0.0461 


62 


1. 061 


0.0761 


450 


1.852 


0.0436 


72 


1.083 


0.0747 


500 


1-954 


0.0413 


82 


1. 102 


°-°733 


55° 


2.056 


0.0384 


92 


1. 122 


0.0720 


600 


2.150 


0.0376 


102 


1-143 


0.0707 


650 


2.260 


0-0357 


112 


1. 163 


0.0694 


700 


2.362 


0.0338 


122 


1.184 


0.0682 


800 


2.566 


0-0315 


132 


1.204 


0.0671 


goo 


2.770 


0.0292 


142 


1.224 


0.0659 


1000 


2.974 


0.0268 


152 


1.24s 


0.0649 


IIOO 


3-177 


0.0254 


162 


1.265 


0.0638 


1200 


3-381 


0.0239 


172 


1.425 


0.0628 


1500 


3-993 


0.0202 


182 


1.306 


0.0618 


1800 


4.605 


0.0175 


192 


1.326 


0.0609 


2000 


5.012 


0.0161 


202 


1-347 


0.0600 


2200 


5.420 


0.0149 


212 


1-367 


0.0591 


2500 


6.032 


0.0133 


230 


1.404 


°-°57S 


2800 


6.644 


0.0121 


250 


1.444 


°-0SS9 


3000 


7-051 


0.0114 



HEATING. 



45 



HEATING WITH HOT WATER. 

GENERAL PRINCIPLES. 

In a hot water apparatus, the temperature of the water in 
the boiler never exceeds 212°, the mean temperature in the 
heating pipes being from 150 to 200°; the temperature in pipes 
is increased or dimiinished by stop cocks, for controlling the 
velocity or volume of water passing through the pipes in a giv- 
en time. 

Air vents or cocks must be provided, as water evolves air 
when its temperature rises to the boiling point. The air col- 
lects at the highest points of the apparatus, and at places where 
the horizontal flow pipe dips, and where the risers in the re- 
turn pipe connect with the horizontal, for instance at points 
a, in Fig. 20. 




The higher the ascending and descending pipes, or the 
greater the difference between their temperature, the more rapid 
will be the circulation. 

To increase the difference of temperature between the as- 
cending and descending pipes, either increase the quantity of 
pipe, so that the water will flow a greater distance, or decrease 
the diameter, so that they will part with more heat. The 
specific gravity in pipe li (Fig. 21), must be greater than in pipe 
h„ to produce circulation ; the greater amount of cooling should 
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Flow pipe 




Heturicpipe 
Fig.21 



take place in the coils above the dotted line aj or bottom of 
boiler. (See Fig. 21.) 

The hot water should rise to the highest point in the most 
direct way, so that the pipes give out 
the heat in returning to the boiler ; 
otherwise a reversal of the circula- 
tion might occur. 

All closed boilers must be pro- 
vided with a supply cistern, located 
above the highest point of the ap- 
paratus; it should be proportioned 
to contain about -^ of the whole 
quantity of water in the pipes and 
boiler. 

The pressure in the boiler and pipes increases only with 
the height of cistern above the boiler or lowest pipe. 

The pipe from cistern should lead to the bottom of boiler, or 
into the return pipe, and bent in the shape of a syphon, see 
Fig. 20, to prevent the escape of heat or vapor from the 
boiler. 

The effect is the same, whether there are more flow than 
return-pipes, or vice versa ; each range will act separately, hav- 
ing a velocity of circulation peculiar to itself; they may return 
to the boiler separately, or united in a main pipe. 

Horizontal leading pipes should be larger in proportion to 
the branch pipes than vertical leading pipes, because the flow 
of hot water is more rapid in vertical than in horizontal pipes. 

Vertical leading pipes, running through several stories, should 
decrease in diameter as they ascend, or be supplied with cocks 
to equalize the flow ; the hot water tending to rise to the highest, 
leaving the pipes in lower stories comparatively cold. 

When coils are somewhat distant from each other, the con- 
necting pipe should be smaller than the pipes in coils. 

Pipes must be kept scrupulously clean and free from shavings, 
dirt, etc., or circulation will be retarded. 
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Expansion and contraction in the pipes must be provided 
for. 

The advantages of hot water over steam are : less cost of fuel ; 
no danger of explosion ; requires less repairs ; the temperature 
in pipes is maintained 6 to 8 times longer than in steam pipes, 
after the fire is extinguished; and another great advantage is, 
fhat the temperature in the pipes can be increased or dimished, 
by reducing the flow of the hot water. 



DIAMETER OF PIPES — BORE. 



Connection Pipes to Coils. 



UPPER STORY OF A Bun.DING, DIRECT RADIATION. 



COIL SURFACE. 


DIAM. 


OF PIPS. 


SECTIONAL AREA. 


6o sq. ft. 


or 


less. 


^ 


[ inch. 


0.44 sq. inch. 


100 " 




ii 


I 


(C 


0.78 


175 " 




n 


I^ 


' " 


1.22 " 


250 « 




ii 


I^ 


\ ." 


1.76 


-600 " 




ii 


2 


it 


3-14 



For each successive lower story, increase tlie cross sectional 
area of pipe by 15% over that in the preceding story. 



BASEMENT OR CELLAR OP A BUILDING, INDIRECT RADIATIOK. 




The sectional area of a branch pipe must equal the area of 
all the connections, and the area of a main pipe must equal the 
area of all branches. 
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The return-pipes to a coil or series of coils must have the 
f^-me diameter as the respective flow-pipes; for example see 

Fig. 22. 






Fig.22 



Reference : — Fig. 22. 

a = Flow connection pipes, i in. diam. 
b = Return connection pipes, 1 in. diam. 
c = Flow branch pipe, i^ in. diam. 
d = Return brancK pipe, i^ in. diam. 
e := Flow main pipe, 2 in. diam. 
f — Return main pipe, 2 in. diam. 
g = Coils. 

Fijies in Coils. — The diameter of pipes in coils should be : 

When coil is in contact with the incoming air, which is in- 
tended to be warmed, the diameter should not be less than 2j^ 
inches ; when the coil is a direct radiator, not in contact with 
cold air, die diameter should not be less than 1 1^ inch. 



FLOW OF HOT WATER IN PIPES. 

The circulation of water in pipes of a hot water apparatus is 
caused by the difference in weight of two columns of water, 
connected at top and bottom, see Fig. 23 ; one column being 
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continually heated, and the water expanded, thereby produc- 
ing a difference in weight, and in consequence a circulation. 

The velocity increases with the temperature in the rising 
column, and the loss of temperature in the return column ; it is 
reduced by the friction in the pipes and elbows. 

The friction in pipes decreases with the velocity, and, in a less 
degree, with the increase in diameter of the jiipes; it also de- 
creases with the temperature of the water, up to certain limits ; 
this, however, is not considered in the following : 



Let Fig. 23 represent a boiler with main circulating pipes. 




Reference : — (All dimensions in ft. and lbs.) See Fig. 23. 

Let H = Effective head of water, producing motion. 

Hi = Height of water above lowest point of return pipe. 

t =Temp. of water in boiler = 210°. 

t, = Temp, of water as it returns to boiler. 

. . t+t, 

t^ = Average temp, of water m pipes = —^ ■ 

T = Temp, of air in contact with pipes, 
w = Weight of water at the temp. t. 
w. = Weight of water at the temp. t,. 
Q = Quantity of water to be moved, per second. 
3 
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q = Contents of one lineal foot of pipe, 
u, = Units of heat given out by the pipe per lineal foot, 
per hour. 
1 = Ixngth of pipe. 
A = Sectional area of pipe, 
d = Diameter of pipe, 
f = Friction in straight run of pipe, 
f, = Friction in elbows. 

V = Velocity of water in pipe in ft. per second, 
g = Accelerated gravity = 32.166 ft. per second, 
u = Units of heat given out per sq. ft. per hour, as per table, 

page 39. 
n = Number of elbows. 
Wj = Weight of water at temp, t^ 



H. W ( , r , rM V° „ H 



H = H.-^={x + nf. + f^}ll; H.= 



w 
w. 






^i+nf,+f 



1 A ^d° ■ "> d= qw4t,-T)' 



Q= V = o.78s4d°v; 

4 

u, = ud3.i4i6; 

q = 0.7854 d=; 
A = o.78s4d'; 

t, = 2t,-t ; 

0.017152 

f B O.OI439H — j=^ 

Vv 
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FRICTION IN ELBOWS OR CONNECTIONS, 



I. 



XL. 



IV. 



YI. 




f.= 1.968. 



84,{!r 



d 

a = — 
2 



When r = 2a, f^ =0.294. 
When r = loa, f. =0.131. 



'Fig.29 J 



> 
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VII. 



HEATING AND VENTILATION. 



f, = 2{ O.I3I + I.847(-^)^}; 

d 

a = — . 



VALUES OF fi, FOR ELBOWS V AND VI. 




When - 


= O.I 


0.2 


0-3 


0.4 


0-5 


f. 


= 0-131 


0.138 


0.158 


0.206 


0.294 


when - 


= 0.6 


0.7 


0.8 


0.9 


I.O 


f. 


= 0.440 


0.661 


0.977 


1.408 


1.978 



Coefficient of Friction, f, for Given Velocities, v. 



-S3 

> o. 



O.OI 
0.02 
0.03 
0.04 
0.05 
0.06 
0.07 
0.08 
0.09 

o. 10 

O.I I 

0.12 

0.13 

0,14 
0.15 

0.16 
0.17 

0.18 



0.1859 

°-i356 
0-1133 

O.IOOI 

0.0893 
0.0843 

0.0790 

0.0750 
0.0715 

0.0685 
0.0660 
0.0638 
0.0624 
0.0601 
0.0586 

0-0585 
0.0556 
0-0547 



10.19 

I 0.20 

! 0.21 
0.22 
0.23 
0.24 
0.25 
0.26 
0.27 
0.28 
0.29 
0.30 
0.31 
0.32 

0-33 
0-34 

0-3S 
0.36 



0-0536 
0.0526 
0.0517 
0.0508 
0.0500 
0.0493 
0.0486 
0.0479 
0.0473 
0.0467 
0.0461 
0.0456 
0.0451 
0.0446 
0.0442 
] 0.0437 
0.0432 
0.0428 



0.37 
0.38 

0-39 
0.40 
0.41 
0.42 
0-43 
0-44 

0-4S 
0.46 
0.47 
0.48 

0-49 
0.50 

o-SS 
0.60 
0.65 
0.70 



0.0425 
0.0421 
0.0417 
0.0414 
0.0410 
0.0406 
0.0404 
0.0401 
0.0398 

0-0395 
0.0393 

0.0390 
0.0388 
0.0385 
0.0374 
0.0364 
0-0355 
0.0348 



0-7S 
0.80 

0.85 

0.90 

0-9S 
1. 00 
1. 10 
1.20 
1.30 
1.40 
1.50 
1.60 
1.70 
1.80 
1.90 
2.00 



0.0340 

0-0334 
0.0329 
0.0323 
0.0318 
0.0314 
0.0306 
0.0299 
0.0293 
0.0287 
0.0283 
0.0279 
0.0274 
0,0271 
0.0267 
0.0264 



f =0.01439 + 



0.017152 
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Examples : — 

A pipe 500 ft. long, 4 in. = 0.33 ft. diameter, shall have an 
average temperature t^ = 150°, the temperature of air and walls 
surrounding it to =70°; what is the velocity v, head H, and 
column H, ? 

1 = 500. 
d = 0.33. 
u, as per table = 178.87. 

1 = 210°; T = 7o''. 
w„ at the temp, t^ = 61.2. 

u. = ud3.i4i6 = 178.87x0.33X3. 1416 = 185.44 units per 
hour per lineal ft. of pipe. 

q = o.7854d' = 0.7854X0.33° = 0.088 cubic ft. 



u,l 185.44x500 _ 92720 

~ qWj(t, — T) "~ 0.088x61.2(150 — 70) ~ 430.85 

= 21 1^.2 ft. per hour = ^ = 0.06 per second. 
'' ^ 3600 ^ 



{, 1 I v° ( „ 500 ) 0.06' 

0.0036 ^ 

= 128.73 -7^-^ =0.0072 ft. 
64.33 

t, = 2t^— 1=2X150— 210 = 300—210 = 90°; and w„ for 90° 
= 62.05; w, for 210°= 59.83. 

H 0.0072 0.0072 . , 

H = = ^- = -r = 0.2 = 2.4 mches, 

w 59.83 0.036 

w, 62.05 
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DIMENSIONS OF BOILERS, GRATES, ETC. 

Reference : — 
A = Total area of heating surface of boiler, in square feet. 
A, = Area of grate, in square feet. 

a = Area of boiler, directly heated, in square feet, 
a, = Area of boiler, indirectly heated (flues), in square feet. 
a, = Sectional area of boUer. 
aj = Sectional area of flues (all), 
D = Diameter of boiler. 

d = Diameter of flue. 

1 = Length of boiler or flues. 

n = Number of flues in boiler. 
K = Number of pounds of coal consumed per hour. 
U = Total units of heat given out by the coils or radiators, per 
hour. 

u = Units of heat given out by i lb. 
= 6000 (effective). 



^-6^' 






K = 



U 



of coal, generally 
DI3.I416 



a=- 



u 



D 



dln3.i4i6; 
a2 

a. 



d = 



a==+'i-3 2.s; 
a. 



In3a4i6' 



1 = 



a, = a, 0.4 
a. 



dn3.i4i6 



dl3.i4i6 

The flues in boiler are generally 2 to 4 inches diameter; 
the sizes used varying with the length of boiler or flue, and 
the quality of coal designed to be used, as follows : 



LENGTH OF BOILER, 


DIAMETER OF FLUES, IN INCHES. 


IN FEET. 


Soft i-oal. 


Hard coal. 


8 or less 
10 
12 
16 


2 

^% 

3 
4 


2 
2 
2>^ 

3 



Distance between flues, or .shell and flue, i to i^ inch. 
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Example : — 

A hall, Fig. 7, 100 feet long, 80 feet wide, and 40 feet high, 
the surrounding walls 20 inches thick ; the ceiling flat, covered 
by a hipped roof; the two opposite sides of the hall are pro- 
vided with windows, 8 to each side, 4 feet wide and 14 feet 
high. 

The hall to be heated by indirect radiation, located in the 
basement, under the hall floor. The heating apparatus to be a 
"hot water," the temperature in pipes not to exceed 160°; the 
boiler to be a " cylindrical flue" boiler. 

The hall to be occupied by 300 persons, for twelve hours 
each day, the vitiation not to exceed 0.06%. 

Ventilation to be the vacuum movement, by means of air as- 
pirating chimney; the currents in hall to be upward and not 
to exceed 1.5 ft. per second. 

Loss of Heat per Hour. 
All sides of the building exposed, walls of brick j see for- 
mulas, page 36. 

^^ l.cq(T-T.) 
c(2l, + r)-|-el,q 

0.4912 X 4-83 X 1.227(70 — 40) 

~ 4.83(2X0.4912 + 0.7358) + 20 X 0.4912 X 1.227 

2.911X 30 87-33 

~ 4.83(0.9824 -f 0.7358) -f 12.054 8.299 + 12.054 

z°-3S3 ^ 

\ = 0.09824x5X1 = 0.4912. 
c = 4.83. 

q = r -f 1, = 0.7358 = 0,4912 = 1.227. 
r = 0.7358. 
e = 20 inches. 
T = 70°. 
T, = 40'. 
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Windo'ftfs y^ in. thick glass ; see formulas, page 36. 
U = q(T-tJ = 1.086(70-55) = 16.29 per sq. ft. 

\- 2 - 2 -55- 

r = 0.5948. 

q = r + Ij = 0.5948 + 0.4912 = 1.086. 

Incoming fresh air ; see formulas, page 39. 

U = Qnws (T - T.) = Vws(T - T,) 

= 1032000X0.079X0.238(70 — 40) ^582109.92. 

Q = 100x80X40 = 320000. 

V = 16x215x300 = 1032000, or 3440 cubic feet for 

each occupant, per hour. 

V 1032000 

n =p^= = 3.2. 

Q 320000 

s = 0.238. 

w, at^4o° = 0.079 ^'^^• 

Total Loss of Seat. 
From walls. 
Area, (100 + 10° + 80 + 80)40 — 896 = 13504 ; 

U = 13504X4-29 = 57932.16 
From windows. 
Area, 14X4X 16 = 896; 

u = 896 X 16.29 = 14595-84. 

From incoming fresh air. 
For 300 occupants 582109.92. 

Total 654637.92 
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Heating Surface S. 

For indirect radiation, when the temjDeratare of radiator shall 
not exceed 160°, i square foot of hot water pipe, for airinov- 
ing, gives 126.13 units per hour. 

Number of square ft. of heating surface = •: -— = 5190, 

or lineal ft. of 4 in. diam. pipe= — ;; — , = 4956- 

^^ 126.13x0.33x3.1416 

320000 

Cubic fL of au:lieated, per sq.ft. of surface = -i^ = 61.6. 

5190 

Size of Boiler. 

^^ 654637-9^ ^ 6 sq.ft. 

600 



Quaniity of Coal Consumed ^er Hour, for Boiler. 

1L^^ = 654637:92 _ ,^^ ^^^^ 

6000 6000 



Area of Grate Surface. 

K 109.10 „ 

A, = — — — - — = 10.91 sq. ft. 
10 10 ' 



Size of Openings in Floor and Ceiling. 

1032000 
Velocity of current, 1.5 ft. per second ; total area .— 



1.5X3600 
= 154 sq, ft, or 154 openings i ft. square. 

Aspiratiiig Chimney. 

Assumed velocity of air in shaft = 10 feet per second. 
Height of chimney, 80 feet. 
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,, . , , V IO'^200O 

bechonal area = A = — - — = — '^ = 28.7, or a square 

V3000 36000 

= -v/z8.7 = 5.3s, say 5.4 feet. 

The temperature necessary in the shaft to produce a velocity 
of 10 ft. is, 

v=(i + et)(i + f 1 + f.) 

(t, — t) ; in which 



' 2ghe 

t = 4o°; t, = 70; e = 0.00208; g = 32.166; 1 = 200 ft. ; 
h = 80 ft. ; f = 0.05, and f, for 4 square elbows = 1.5X4 
= 6.0 ; d = 5.4. Hence 

\o\\ + 0.00208X40) (1 + 0.05 1-6) 

^ _^ 5'4- __ Ihrfl __ An\ 

^~ 2X32.166X80X0.00208 ^ ' 

100 X 1.0832x8.81; q;8.63 

= ^ ^ — 30 = ^ 5 — 30 = 8q — 30 

10.72 "^ 10.72 ^ ^ o 

= S9'- 

Quantity of coal necessary to produce this temperature, 

^^ t,sW 59x0.238x81528 

K= -^-irr = — =^ ^ — = 211 lbs. per hour. 

u% 5400 

If the plenum movement were adopted,, using a Rittinger 
fan, the horse-power required would be, with the ^ of effect 
at 30, 

Hp = 0.38 Vh = °-3gX 1032000x0.14 ^ 549^2^ ^ 

3600 3600 ->■ ' 

and allowing 8 lbs. of coal per horse-power, which is ampls, 

K = 15.2x8 = 121.6 lbs. per hour. 
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HEATING WITH STEAM. 

GENERAL PRINCIPLES. 

In heating with steam, the pipes forming radiators, are gene- 
rally smaller in diameter than those for hot water, the tempera- 
ture increasing with the pressure of steam in the boiler. 

The temperature in pipes should never be below 212°; other- 
wise the steam rapidly condenses to water, to get rid of which 
the pipes must be inclined so that the v/ater may easily flow back 
to the boiler, or drip pipes communicating with the bottom of 
radiators and feed pipe ; the pipes should be so inclined, that 
the water will flow in the same direction that the steam does. 

The steam leaves the boiler at the top, and the water from 
the condensed steam returns at the bottom. 

The fire under the boiler must be kept brisk, or the heating 
effect ceases rapidly. 

A cock should be placed between the boUer and heating 
pipes, on opening which the steam drives the air in the pipes 
before it, to an outlet or air cock that must be provided at the 
end of the pipe and at the bottom of radiators. It is sometimes 
necessary to resort to air pumps for extracting the air in the 
pipes, especially when the coils are on different levels. 

The boiler should be so proportioned, that it will evaporate 
as much water as is condensed in the pipes ; and supplied with 
water by a stone float valve, the cistern being sufficiently high 
above the boiler that the pressure of water will overcome the 
pressure of steam in the boiler ; when practicable, force pumps 
or injectors are used, these appliances require no elevated tank 
or cistern. 

The boiler must be supplied with safety valves, steam gauges, 
water gauges, and also gauge cocks, to indicate the pressure of 
steam and height of water. A blow-off cock, at the bottom of 
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boiler, is also required, for supplying and cleaning the boiler 
every week or so, depending on the quality of the feed water. 

Steam possesses an advantage over hot water, in the ease of 
application, where great inequalities and frequent alterations of 
level occur, and particularly where the boiler must be placed 
higher than the places to be heated. For buildings occupied at 
intervals, steam is more effective than hot water, in its rapid 
generation of heat ; so also for buildings using power boilers, 
when of sufficient size to supply both engine and radiators. 
The original cost of steam apparatus is somewhat less than hot 
water apparatus. 

Expansion and contraction in the pipes must be provided for. 
The apparatus must receive constant care and attention, the fire 
must be kept brisk, the water at the proper level, and the steam 
not allowed to generate too fast, endangering perhaps the 
safety of the boilers. 



DIAMETER OF PIPES — BORE. 

AVhai pressure of steam is not above 15 lbs. per sq. inch 
(saturated steam). 

Connection Pipes to Coils — Direct or Lidirect Radiation. 



COIL 


SURFACE 




DIAM 


OF PIPE. 


SECTIONAL AREA. 


25 sq 


. ft 


or 


less. 


?i 


inch. 


0.44 sq. 


inch. 


40 


(£ 




it 


I 


it. 


0.78 


<( 


80 


<£ 




a 


^u 


" 


1.22 


(t 


160 


ii 




u 


^H 


u 


1-76 


ie 


250 


ii 






2 




3-14 


le 



Flow Pipes. 

The sectional area of a branch pipe must equal the area of 
all connection pipes, and the sectional area of a main pipe must 
equal the area of all branch pipes. 



HEAriNG. 61 

Return Pipes. 

The sectional area of the return pipes from a coil, or series 
of coils, must be one size less than the respective flow pipe to 
the coils. Drip pipes should connect with all risers (vertical 
flow pipes), the water being taken into the return pipes or boiler. 

The sectional area of main pipes should be reduced as soon 
as practicable. 

Coils. 
Diameter of pipes in coils, from ^ to 2 inches. 



DIMENSIONS OF BOILERS, FURNACES, AND FITTINGS. 
Area of Fire Grate. 

With chimney draught = 0.1 to 0.04 sq. ft., per lb. of fuel 
per hour. 

With fan or blast = 0.04 to 0.0 1 sq. ft., per lb. of fuel per 
hour. 

Sectional Area of Flues or Tubes. 

From T to J area of grate. 

Capacity of Boiler. 

Steam and water space = heating surface X from 3 to i^ 
foot, in cylindrical and flue boilers ; and from i to 0.5 foot, in 
tubular boilers; and about o.i foot, in water-tube boilers. 

Capacity of Furnace, Tubes, and Flues 
From 6 to 8 ft. X area of grate. 

Area of Safety Valves in Square Inches. 

The greatest weight of water to be actually evaporated in lbs, 
per hour x Q.006. 
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Steam and Water Space. 

Steam space = 0.4 total space. 

Water " =0.6 " 

Water should stand not less than 4in. above heating flues. 

The evaporating power of boiler should be 30% larger than 
the quantity of water condensed in the pipes. 

The temperature of steam in pipes diminishes with the dis- 
tance from the boiler. 

The horse power of a boiler is equal to the number of cubic 
feet of water evaporated per hour. 

When steam above 15 lbs. pressure is used, the boiler should 
be provided with a steam drum or dome = Yz steam space given 
above, so that the steam space = 0.525 total space. 

Reference : — 
A = Total area of heating surface of boiler, in square feet. 
A, = Area of grate in square feet, 
a = Area of boiler, directly heated, in square feet, 
a, = Area of boiler, indirectly heated (flues), in square feet, 
a, ^ Sectional area of boiler, 
aj = Sectional area of flues (all). 
D = Diameter of boiler, 
d = Diameter of flue. 
1 = Length of boiler or flue, 
n = Number of flues in boiler. 
K =: Number of pounds of coal consumed, per hour. 
U = Total units of heat given out by coils or radiators, per 

hour, 
u = Units of heat given out by i lb. of coal (effective). 
6; = Units of evaporation = 966 units of heat required to 
evaporate i lb. of water, under one atmosphere. 
Wi = Total quantity of water, condensed in pipes, coils, etc., 

in lbs., per hour, 
w, = Pounds of water at 212°, evaporated by i lb. of fuel. 
Hp = Horse power of boiler. 
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A = J A, = O.I K to 0.04K for chimney draught ; 

DI3.1416 ,, 

a= ; a, = dln3.i4i6j a, = a3S.o; aj^a^o.a; 



r, ^2 a. a. 



13.1416' hi3.i4i6' nd3.i4i6 ' 

a. 



n = 



dl3.i4i6 ' 



U u • W W 

e/ ' e.' w ' C2.5 



Note. — The same proportions of flues and distances between them, given for hot water 
boilers, ^pply £^so to steam boilers. 



TEMPERATURE OF STEAM IN BOILER, AND PRES- 
SURE PER SQUARE INCH. 

Reference : — 

I = Inches of mercury that balance the steam. 
P = Pressure of steam per square inch in boiler, in lbs. 
T = Temperature of steam in boiler, 
t = Mean temperature of steam in pipes. 

I = ■{ 785+°-S8407 ) = P 2-0376 ; 

P= (—+0.52} "=10.48875; 
( 202 ' 

T= I VP— 0.52 I 202; t = — T. 

Note.— These formulas are approximate only, but agiee ^te well with actual lo 
•nlt9' See table, page €4. 
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PEESSHEK PER SQUARE INCH IN BOILER, P= 


OF STEAM IN PIPES, 


OF STEAM IN BOILER, 


Pressure of Atmosphere, 14.73. 


t = 


T = 


Included. 


Excluded. 


210° 


221.0° 


17.67 


2.94 


220 


231-5 


21.38 


6.65 


230 


242.0 


25-75 


11.02 


240 


256-5 


32.89 


18.16 


250 


263.0 


36.58 


21.85 


260 


273-5 


43-31 


28.58 


270 


284.0 


51.04 


36.31 


280 


295.0 


60.25 


45-52 


290 


305-0 


69.77 


55-04 


300 


315-0 


80.98 


66.25 



Example : — 

Required, the dimensions of steam boiler, quantity of pipe, 
etc., to heat the hall, as per example, page 55. 

External temp., = 40°. 

Temp, of pipes, mean 230°. 

Temp, of hall = 70°. 

20 
Temp, of boiler = — 230 = 242°.!. 

Total pressure in boiler for 242° = 26 lbs. per square inch, in 
round numbers. 

Total units of beat to be supplied to hall= 654637.92 per 

hour. 

Units of beat per square foot of pipe, per hour, by contact 

for indirect radiation ^ 256.58. 

, .. 6c46'^7.Q2 

Number of square feet of pipe = ''^ , ' ^ =2551.4. 

lineal ft of 2 in. diam. pipe = — 77— r~ 7. = 4892. 

^^ '' '■ 0.166x3.1416 

320000 

Cubic ft. of air heated per sq. ft. of suriace = = 125. 

2551.4 
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Size of Boiler. 

6000 , ^^ 677.6 

-6.2; K = -^= 109.3; 
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•~ 966 ' 6.2 
A, = 0.1 X 109.3 = 10.9, 

3«* * 
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COMBUSTION OF FUEL, 

Combustion consists in the rapid combination of substances 
with oxygen, generally carbon and hydrogen, the result being 
the development of heat and light. 

The following are the principal combustibles used in the arts, 
and their chemical composition, according to Pdclet : 





Sign, 


Coal. 


Cole. 


Woofl. 


Substance. 


Terfrrtly 
dry. ■ 


Ordmary 
suae. 


Charcoal. 


Carbon 


c 
n 
o 

N 
W 
A 


0.812 
0.048 
0.054 
0.031 

o-°5S 


0,850 
0.150 


0.510 

0-053 
0.417 

0.020 


0.408 
0.042 

°-334 

0.200 
0.016 


0.930 


Hvdrocren 


Oxvffen ----- 




Nitrogen and Sulphur 
Water 





Ashes 


0.070 




Total 


1. 000 


1,000 


1,000 


1. 000 


1. 000 









The following substances consist of :- 

C, 



I lb. of Carbonic Acid consists of 



: 0.2727 lbs. of carbon. 



Water 



Air 



C.+2O. 

2O1 
^-q-^^ = 0.7273 " oxygen, 

H. 



0,+ H. 

O, 
O.+H. 

O. 

2N,+0. 

2N. 

2N.+or 



= 0.111 " hydrogen, 

= 0.889 " oxygen, 

=: 0.222 " oxygen. 

= 0.778 " nitrogen. 
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In which the chemical equivalents are :— 

of C, = 75.00; 
H, = 12.50; 
N, = 175.00; 
O, = 100.00. 

To estimate the theoretical units of heat in lb. of fitcl : — 

Distinguish the constituents into carbon, hydrogen, oxygen, 
and refuse, as per table, page (>(>. The quantity of each being in 
fractions of a lb. analyzed. 

U = 14500 C + 62000 I H — — > • 

Net weight of air chemically necessary for the complete com- 
bustio7i of a unit of weight of fuel, theoretically : — 

Reference : — 
W = Lbs. of air required, 
w = Weight of a cubic ft. of air. 
V = Volume in cubic ft. 



W=i2C + 36(h-^); 



W 

v = — . 



In most cases, additional air is required to sufficiently dilute 
the products of combustion, the increase being in the ratio of 
I JS^ to I, or 2 to I, of the theoretical value. 
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LFFICIENCY OF FURNACES AND BOILERS, APPROX. 

Reference : — 

A3 = Intended number of square feet of heating surface 
(meaning both direct and indirect), per lb. of fuel per 
hour. 

E = Efficiency of furnace or boiler. 

U := Theoretical units of heat in a lb. of fuel. 

U, = Effective units of heat in a lb. of fuel. 

U. = UE. 

When the draught is produced by a chimney : — 

T- A, II 

A3 +0.5 12 

When the draught is produced by a fan or blast .'— . 

T- A, II 

A3 +0.3 12 

EXAMPLES OF EFFICIENCY (U — 13000). 

A3 E U, 

Small heating surface 0.50 0.46 5980 

'' °-7S 0-S5 715° 

Ordinary heating surface in 
tubular boilers 



1. 00 0.61 7930 

1.25 0.65 8450 

1.50 0.69 8970 

(. 2.00 0.73 9490 

Water tube and cellular ( 3.00 0.79 10270 

boilers ) 6.00 0.84 10920 

The efficiency is liable to be diminished from 0.2 to 0.5 of its 
proper value, through unskillful firing. 
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PROPORTION OF SMOKE CHIMNEYS. 

Reference : — 

A = Sectional area in square ft. 

V = Volume of smoke delivered in cubic ft. 

K = Pounds of coal consumed per hour. 

h = Height of chimney in ft. 

V = Velocity of smoke in ft., per second. 

t = External temperature, average 50°. 

t, = Internal temperature, average 550°. 



v = o.o8v'(t. — t)h; 

v/(t.-t)h' 
V = Av = Ao.o8-/(t. -t)h; 

t. - 1 1 A ) 

Generally, allowing 600 cubic ft. of smoke for i lb. of coal, 

K ( K ) » 

A = 0.128 —T^, and h = 0.01638 ^ -r- { • 
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HUMIDITY OF AIR. 

Air, in a free or normal state, contains more or less vapor oi 
water. When this air is passed into rooms, over heated bodies 
and its temperature is raised, the quantity of moisturfe it con- 
tains is not diminished, but the relative humidity is lessened; or, 
in other words, its capacity for containing moisture is increased. 
When the air is cold, it may contain very little vapor, and yet 
be moist ; and on the contrary, when it is warm, it may contain 
a considerable quantity of vapor, and be very dry. 

In summer, there is usually more aqueous vapor in the air 
than in winter, yet it is less moist, the air being farther from its 
point of saturation, by reason of the higher temperature. 

The degree or point of saturation, or hygrometric state, is the 
ratio of the quantity of aqueous vapor, actually present in the 
air, to that which it would contain were it saturated, the tem- 
perature being the same. 

A body, gradually cooling in the ambient air to a lower tem- 
perature, will in time be at a temperature when the vapor in the 
air, being condensed, will be precipitated on the surface of the 
body in the form of dew; this temperature is called the dew point. 

To determine the humidity of air, Wet and Dry Bulb Hy- 
grometers are used, the dew point being obtained by noting 
the temperatures of the wet and dry bulbs, and inserting the 
values in certain formulas, given below. 

The methods generally used to hydrate or moisten the aii 
in rooms to the desired ratio or percentage of saturation, are : 
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by placing shallow vessels, containing water, in the hot air 
ducts, the evaporation being increased by the application of 
heat to the vessel ; or copper cylinders, placed horizontally and 
transversely across the duct, heated internally with steam or hot 
water, vapor being formed by the evaporation of drops or jets 
of water falling on the top of the cylinder ; or, for summer, sprays 
of cold water ejected through small holes in a pipe or series of 
pipes ; in each case the air passes through, and takes up a cer- 
tain amount of vapor, the quantity being regulated by adjust- 
ing the flow of water or temperature of the heat producing eva- 
poration. 

Reference : — 

T = Temperature of air. 
t = Temperature of the diw point, 
t, = Temperature of the wet bulb, 
tj = Temperature of the dry bulb. 
I = Height of barometer, balancing the air ( = 30 inches 

generally). 
Ij = Height of barometer, balancing the dry air (of the mix- 
ture.) 
p = Elastic force of vapor at the temperature T, in inches of 

mercury, 
p, = Elastic force of vapor at the temperature t, in inches of 

mercury. 
W = Weight of the vapor, in lbs., in a cubic foot of dry air 

mixed with vapor, 
w = Weight of a cubic foot of dry air, in lbs., at the tempera- 
ture T. 
w = Weight of the dry air, in lbs., in a cubic foot of saturated 

air. 
w, = Weight of the vapor, in lbs., in a cubic foot of saturated 

air. 
w = Weight of the air and vapor, in lbs., in a cubic foot of 
saturated air. 
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w, = Weight of vapor in i lb. of air. 

Wj = Weight of dry air in lbs., mixed with i lb. of vapor. 

R = Ratio of humidity to saturation. 

wl, ,/WP , 

w, = -j^; w, = f^-y-; W3 = w,+w,; 

w, = — ; W5 = — ; W = w,R ; 
* w, ^ w, 

I.=I-p; R = |"; p=|; p. = pR; 

t = t,-(t,-t.)k; 

0.0807 29.92 



490.4 



VALUES OF k. 



TEMPERATURE OF DRY 


k 


TEMPERATURE OF DRY 


k 


TEMPEILATURE OF DRY 


k 


BULB. 




BULB. 


BULB. 


Below 24° 


8..S 


From 


31 - 32° 


3-7 


From S5°- 60° 


1.9 


From 24°- 25° 


6.9 




32-33 


3-3 


" 60 - 65 


1.8 


" 25-26 


6.,S 




33-34 


3-0 


" 65 - 70 


1-7 


" 26-27 


6.1 




34-35 


2.8 


" 70-75 


1-7 


•' 27-28 


S-b 




35-40 


2-5 


" 75-80 


1.6 


" 28-29 


.S-i 




40-45 


2.2 


" 80-85 


1.6 


" 29 - 3° 


4.6 




45-50 


2.1 


" 85 - 90 


i-S 


" 30-31 


4.1 




50-55 


2.0 
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ELASTIC FORCE OP VAPOR OF WATER IN INCHES OF MERCURY, AND 

WEIGHT OF DRV AIR PER CUBIC FOOT, IN LBS. 

p = 29.92 at 212°. 



•s 

i' 






•s 
fa 









1- 


of a cubic 
dry air, 

DS. 


|i 


•)S2 


W 


e 


S.H 


¥ 


¥ 




■S(i! 


H 


u< 


^ 


H 


u* 


^ 


h 


Ui 


i 


T" 


p 


w 


T° 


p 


w 


T 


p 


w 





0.044 


0.0864 


31 


0.174 


o.oSog 


63 


0.576 


0.0758 


I 


0.046 


0.0861 


32 


0.I8I 


0.0807 


64 


0.596 


0.0757 


2 


0.048 


0.0860 


33 


0.188 


0.0805 


65 


0.617 


0.0756 


3 


0.050 


0.0858 


34 


0.196 


0.0804 


66 


0.639 


0.0754 


4 


0.052 


0.0855 


35 


0.204 


0.0802 


67 


0.661 


0.0752 


5 


0.054 


0.0853 


36 


0.212 


0.0801 


68 


0.685 


0.0751 


6 


0.057 


0.0852 


37 


0.220 


0.0799 


69 


0.708 


0.0750 


7 


0.060 


0.0850 


38 


0.229 


0.0797 


70 


0-733 


0.0748 


8 


0.062 


0.0848 


39 


0.238 


0.0796 


71 


0-759 


0.0747 


9 


0.065 


0.0846 


40 


0.247 


0.0794 


72 


0-785 


0.0746 


10 


0.068 


0.0845 


41 


0.257 


0.0793 


73 


0.812 


0.0745 


II 


0.071 


0.0843 


42 


0.267 


0.0791 


74 


0.840 


0.0743 


12 


0.074 


0.0842 


43 


0.277 


0.0789 


75 


0.868 


0.0742 


13 


0.078 : 0.0840 


44 


0.288 


0.0788 


76 


0.897 


0.0741 


14 


0.082 0.0838 


45 


0.299 


0.0786 


77 


0.927 


0.0739 


15 


0.086 0.0837 


46 


0.3II 


0.0784 


78 


0.958 


0.0738 


16 


o.ogo 


0.0835 


47 


0.323 


0.0783 


79 


0.990 


0.0736 


17 


0.094 


0.0833 


48 


°-33S 


0.0781 


80 


1.023 


0-0735 


18 


0.098 


0.0831 


49 


0.348 


0.0780 


81 


1-057 


0-0734 


19 


0.103 


0.0830 


5° 


0.361 


0.0780 


82 


1.092 


0-0733 


20 


0.108 


0.0828 


51 


0-374 


0.0776 


83 


1. 128 


0.0731 


21 


0.113 


0.0826 


52 


0.388 


0.0775 


84 


1.165 


0.0730 


22 


0.118 


0.0824 


53 


0.403 


0-0773 


8S 


1.203 


0.0728 


23 


0.123 


0.0822 


54 


0.418 


0.0772 


86 


1.242 


0.0727 


24 


0.129 


0.0821 


55 


0-433 


0.0771 


87 


1.282 


0.0725 


25 


0-I3S 


0.0819 


56 


0.449 


0.0769 


88 


1-323 


0.0724 


26 


0.141 


0.0817 


57 


0.465 


0,0767 


89 


1.366 


0.0723 


27 


0.147 


0.0816 


58 


0.482 


0.0766 


90 


1. 40 1 


0.0722 


28 


0-153 


0.0814 


59 


0.500 


0.0765 


91 


1-455 


0.0721 


29 


0.160 


0.0813 


60 


0.518 


0.0763 


92 


1. 501 


0.0720 


30 


0.167 


0.0812 


61 


0-537 


0.0762 


93 


1.548 


0.0719 









62 ' C.556 1 0.0761 


i •■ 








74 



HEATING AND VENTILATION. 



Example : — 

The temperature of the air in a room is 70° ; the temperature 
of the wet bulb is 60°. Required the temperature of the dew 
point, the weight of vapor in a cubic ft. of air, and the degree 
of humidity. 



Given : 

T = 70°, 

t. = 60'. 

t, = 70°. 

I = 30"- 
p for 70° = 0.733 inches, 
w for 70° = 0.0745. 



Requii-ed (the answer) : 

t°=S3°- 

w, = 0.0011377 lbs. 
R ^ 0.55. 
W = 4.38 grains. 
I, = 29.267 inches, 
w, = 0.0726 lbs. 
w^ = 0.0156 lbs. 
Wj = 65.09 lbs. 



t = t,-(t,-t.)k = 7o-(7o-6o)i.7 = 53° ; 

,/ wp . 0.0741; X 0.731: 
w, = ^ X ^ = s/aX '^^ ^ '-^^ =0.0011377; 

w,, in grains = 0.0011377x7000 = 7.96 grains; 
p., for 53° = 0.403; 

p, 0.403 „ ^^. 
P 0-733 
W = w,R = 7.96x0.55 = 4.38 grains J 

I. = 3°— 0-733 = 29.267 ; 
0.0745x29.267 



w. 



3° 
w, 0.00113 



; 0.0726 ; 



Wj 0.0726 
w, 0.0726797 



Wj, 0.0011377 



= 0.0156; 
= 65.09 ; 
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EVAPORATION. 

Wlien moisture must be supplied to the air of ventilated 
rooms, by the methods just explained, the following formulas 
give the quantity of water to be evaporated per hour, required 
for the desired humidity ; the superficial area of the water ; and 
the units of heat necessary to produce the evaporation of the 
water of a given temperature, in a given temperature of the am- 
bient air. 

Additional Reference: — 

A = Area of water surface in sq. feet, exposed to the air. 

E = Water evaporated, per sq. ft. of surface, in lbs., per hour. 

H = Units of heat required to raise i lb. of water from o° to 

tj, and then evaporate it. 
11, = Units of heat lost by radiation from the water, per sq. ft., 

per hour. See formulas, page 39. 
Hj = Units of heat lost by the air which carries off the vapor 

from the surface of the water. 
K = Pounds of coal required to evaporate the water. 
R, = The desired per cent, of humidity, generally 70. 
s = Specific heat of air = 0.238. 
tj = Temperature of the. water to be evaporated. 
U = Units of heat required to evaporate i lb. of water. 
U, = Units of heat required to evaporate W3 lbs. of water, 
u = Units of heat in i lb. of coal ; generally 6000. 
W = Weight of water in lbs. in i cubic foot of air before 

hydration. 
W, = Weight of water in i cubic foot of air, the humidity of 

. which = R, in lbs. 
W, = Weight of water to be evaporated for i cubic ft. of air 

(from R% to R,% of humidity). 
Wj = Total weight of water to be evaporated per hour. 
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C = Cubic ft. of air, per hour, to be hydrated. 
z =: Time in hours necessary to evaporate i lb. of water at 
the temperature t^. 

Water Below the Boiling Point 

H = 1081.4 + 0-305 tj ; 

H,= 225r^_i.oo43^ — 1.0043 i ' 
H,= W3s(t3-T); 
U=H + H.+ H,; 

E = (p— p,), for quiet air (no ventilation) ; 



E = - T (P~P') » fo*" ^^ moving; 

I 
^=E' 
W = w,R; W. = w,R,; W, = W. -W; W3:=W,C; 

w u 

Heating surface, see u, and A,, pages 77 and 78. 



' U. (t,-t3) ' 

A. u. 



t4 = ^Tr+t3- 



Example : — Continued from page 74. 

A hall is to be supplied with 3,000,000 cubic feet of air, at a 
temperature of 70°, per hour. Water at 180°. 

Wj = 0.0011377 lbs. 

W = 0.000625735 lt>s. 

R, = 0.70, when saturation = i.oo. 

t3 = 180. 

1 = 30. 
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I, = 30—15-3 = 14-7 inches, for i8o°. 
Temperature of the dew point := 53°. 
p, = 0.403 inches, for 53°. 

u = 6000. 

w = 0.062 lbs., for tj. 

p = 15.3 inches, for 180°. 

w I, 0.062X14.7 

I _ 30 _ 0.03038 _ 

— *.-53j 



' -/'*^P ,/0.o62XiS.3 0.01976 

y^-T ^' ^ — 

E = ^^^|^(iS-3-°-403) J = 2.76; ^ = ^ = «-36 '^°"'"SJ 

H= io8i.4+(o.30sXi8o) = 1 136.3 J 

H, = 225x1.0853(1.878—1.175)0.36 = 62.14; 

H» = 1.53X0.238(180—70) =40.1 ; 

U = 1136.3 + 62.14 + 40-1 = 1238.5 ; 
W3 ^0.000170655x3000000 = 512; 
U. =512x1238.5=634112; 
W, = o.ooi 1377 X 0.70 = 0.00079639 : 
W, ^0.00079639 — 0.000625735 =0.000170655; 

„ 634II2 

6000 -^ ' 

Water at the Boiling Point. 

t3=2I2°. 

Additional Reference : — 

A, = Superficial area of the heated surface in contact with 
the boiling water, in sq. ft. 
t^ = Temperature of the surface A^ (t^ > t^). 
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II, = Units of heat per square foot, per hour, emitted by sur- 
face A,. 
Values ofM^: — u, = 

For vertical tubes passing through the water 230 

For a double bottomed or steam-cased vessel 330 

I'or horizontal tubes, or worm 430 

H= io8i.4+(o.3osX2i2°) = 1146.06; 

. = 225r(i.oo43 3 _ 1.0043 )z ; 
Hj = o, for boiling water; 
U = H + H.; 

U,(t, — 2I2)A,_ 



W,= 



A.= 



966 

966 W3 

u,(t,— 212)' 



966 W, 

Example : — How many pounds of water are evaporated 
per hour by an open vessel, with a 2 in. diam. pipe passing 
horizontally through the boihng water, having 20 superficial feet 
of heating surface, and filled with steam at 260° ? 

u,(t.— 2i2)A, 430(260—212)20 „ 

W, = ^' rr = ^^-^ T-r — ^ — = 427-3 Ibs. per hour. 

3 966 966 

The evaporation at the boiling point is the most effective and 
economical. 
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VACUUM SYSTEM.— Steam Jet, Fig. 31. 

Steam jets are sometimes applied in the ventilating shaft, at 
what point is immaterial as to effect ; the steam acting as the 
motive power, by creating a 
partial vacuum for the air from 
below to fill, as also impelling the 
air out of the shaft, similar to blast- 
pipes of locomotives for increas- 
ing the draught through smoke 
pipe. 

The percentage of effect of the 

stem jet is about — - of the 
■^ 100 

amount of coal consumed. 

Diameter of blast pipe, gene- 
rally }4 inch. 

The effectiveness is increased by widening the shaft towards 
the top. 

Reference : — 
G = Volume of air, in lbs., passing out of the shaft, per second. 
S = Volume of steam, in lbs., passing out of the blast pipe, pei 

second. 
A = Area of blast pipe outlet. 
A, = Area of shaft or chimney. 

Aj = Total area of all air or smoke ducts leading to shaft. 
X = Pressure of atmosphere over pressure 

in chimney or shaft. 
h = Pressure of steam in boiler, 
h, = Pressure of atmosphere — 33.95. 




Fig.3l 



Measured 

by column of 

water = 33.95 ft. 
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p = Pressure of steam in boiler, in lbs., per sq. inch. 

a = Coefficient of friction in outlet of blast pipe = 1.663. 

u = — = Sum of coefficients of friction in ducts leading to 

JD 

shaft; for values of which see f, page 81. 
In locomotives, u = 6 ; B = ■^. 



k: 


G 

~ S" 








A. 
A 


= m; 


K 

A~ 


n; h 


_P 33-95 
14.7 


X 


~ m^ 


a(m 
— a(m ■ 


-i)h 
-1)4 


G 
■Bn'^' S ■ 



; m = i+ Vi + Bn'j 

h=(m— i) 



_ /n'( m— i) 
V u m^+ n 



Additional Reference ; 



e = Density of the steam emitted by the blast pipe, (water 

e, = Density of the air = 800, for water = i. 

g = Accelerated gravity = 32.166. 

V = Velocity of efflux of steam, in ft., per second. 

V, = Velocity of air in shaft. 

C = Cubic ft. of steam emitted per second. 
W = Weight of steam emitted per second, in lbs. 
VV; = Weight of air emitted per second, in lbs. 
C, = Cubic ft. of water to be evaporated by boiler per hour. 



v= •v/2ghe; C = vAf; 

)2.5xC 

e 
C3600 



W = ^ifl^;W. = Wkj 



K = Amount of coal consumed per hour. 

w = Pounds of water, at 212°, evaporated by i lb. of fuel. 
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Hp = Horse power of boiler. 

Hp = C.; K = ^i^5. 

Coefficient of Friction, f : — 
f = 0.56, orifice in a thin plate, 
f = 0.75, short cylindrical pipe. 

f = 0.98, short cylindrical pipe, enlarged outward, trumpet 
shaped. 

Example : — 

Let p = 5 lbs. per square inch, in boiler. 

u = Sum of coefficients of friction in ducts and shaft = 6, 

e = 1250, for steam at five lbs. pressure, when water = i. 

A — 0.00136 square ft. 
A, =^ 4.0 square ft. 
Aj = 5.0 square ft. 

w = 8 lbs. water evaporated, per lb. of fuel. 

A, 4.00 A» c.oo , , 

h = 33:95iiS^„ 

14.7 ^^' 

X = 1.663(2941 — 1)11.54 _ 56421.6 

294i'-i.663(294i-i) + g3676 ^^^"^ '""^ 

= 0.009 ^^^^ > 



G _ / 3676°(294i-i) _ / 397281494 40 _ — 
S ■V6X3q4i=+.-?676 V 5iQOoq62 " v76S4 

4 



6X3941"+ 3676 V 51900562 
27.6 times more air than steam, in units of weight ; 
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v= Vzxsz.ieex 11.54x1250=: ■/928003.52 = 963.3 ft. 

per second ; 

C ^ vAf =: 963.3 X 0.00136x0.75 = 0.982 ; 

„, 62.5x0.982 „ 

W = — ^ =! — = 0.0491 lbs : 

1250 

1.3CC 
W, = 0.0491x27.6 = 1.355; ^°^ ^i"" of 7°° temp. =- — -- 

= 18 cubic ft. of air per second, being a velocity of 

v. = -- = 4.5ft.; 
4 

^^^0.982x3600^^3 

1250 , 

K = — — 5 — ^ =22 lbs. of coal per hour. 
8 

Computing the velocity of the air in shaft from the pressure, x. 



,, v'2gxe, ■v/2X 32.166x0.009x800 ^463. 176 

v, would = fr — = ,— = — — 

vu v6 2.44 

2 I. C2 

= — -^ = 8.82 : consequently the per cent, of effecf 
2.44 

4. c 
= =-- = 0.51, or for velocity of 8.8, 
o.o 

u v,= , , m=— a(m^-i)+Bn=x hi4.7 

X = and h = —, '-^ : p = — ^^-L. 

2ge. a(m-i) ^ 33.95 
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FLOW OF STEAM IN PIPES. 

The pressure and temperature of steam in a pipe decrease 
H'ith the length of the pipe and the heat lost per unit of time. 

The loss of pressure in the pipe, caused by friction and the 
loss of heat, does not affect the question of Heatitig and Ven- 
tilation ; but the decrease of the temperature of the steam in the 
pipe, caused by friction, must be known to compute the amount 
of heat lost or emitted ; and to compute the temperature we 
must know the pressure. 

The following formulas give the diminished pressure at the 
end of long pipes, when the initial pressure in the boiler, and 
the quantity of water evaporated per hour, are given. 

Reference : — 

V = Volume of steam in cubic ft., of the pressure P, from 

I cubic foot of water. 
v = Velocity of the steam in the pipe, in feet, per second. 
C = Number of cubic feet of water evaporated in the boiler, 

per hour. 
P = Pressure of steam in the boiler, in lbs., per square inch. 
P, — Pressure of steam in the pipe, in lbs., per square inch, at the 

distance 1 from the boiler. 
1 = Length of the pipe in feet, or distance from the boiler 

where P, is required, 
d = Diameter of the pipe in inches, 
a = Sectional area of the pipe in feet, 
f = Coefficient of friction. See page 52. 
h = Head of steam for velocity v, in feet. 
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h, = Vertical distance in feet from the boiler to the highest or 

lowest point that the pipe rises or falls, 
g = Accelerated gravity = 32.166. 
m = Specific volume of the steam. 

= ■/2gh ; h = --; m = ^— -. 



3600a ^ S ' 2g' 62.5 

When the pipe rises from the boiler, 
When the pipe falls from the boiler, 

p. = p|i-=j-!— (fl£ih-h.)}. 

For straight pipe without elbows, 

r °-2I7 - 

f = — J-!-, same as for air ; see page 23. 
Vv 

Example : — 
A boiler evaporates 20 cubic ft. of water into steam of 45 lbs. 
pressure ]3er square inch, per hour ; the steam is passed through 
a pipe, 300 feet long and 2 inches in diameter. What are the 
velocity of the steam in the pipe and the pressure at the end 
of the pipe ? 

562X20 3.1222 



V ^ 



3600 0.0218 



= 143.2 J f = 0.018; 



a 



^ = 13^:766 = 3^«-7^ '" = 6^^=9.0; 

^M 45X144X9^ 2 •* ''i 

I 10325.88 ) , ^ 

= ^5 {^--^3-1^; = 45 (I -0.177) 

& 37.035 lbs. per square inch. 
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LOSS OF HEAT THROUGH WALLS. 

All sides of the room exposed (no surrounding rooms), 
formula, page 36. 

l.cq(T-T,) . 
c(2l, + r) + el,q' 

Brick Walls. 
T-T. = 1°. 

1, = 0.09824 X 5 = 0.4912, see page 35. 

c = 4.83, see page 37. 

r = 0-7358, see page 33. 

q = r + 1, = 0-7358 + 0.4912 = 1.2.27. 

^^ 0.49I2X4-83X 1-227x1 

■~ 4.83(2X0.4912 + 0.7358) + ex 0.4912 X 1.227 

2. 911 
"8.299+6X0.6 

Stone Walls. 
T— T, = 1°. 

\ = 0.4912. 

c = 22.4, for coarse marble, being about an average. 

r = 0.7358. 

q = 1.227. 

0.4912 X 2 2.4 X 1.227 X ^ 



22.4(2X0.4192 + 0.7358) + eXo.49i2X 1.277 

^ 13-5 

"^ 38.487 + ex 0.6 
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TABLE BASED ON THE FOREGOING FORMULA. 


Thickness, e, of wall. 


Loss in units of heat, U, per square foot per hour, for a 
difference of z° between the external and internal air. 


in inches. 


Brick. 


Stone. 


4 


0.273 


0.330 


8 


0.223 


0.312 


12 


0.188 


0.295 


i6 


0.163 


0.280 


20 


0.144 


0.267 


24 


0.129 


0-2S5 


28 


O.I16 


0.244 


32 


0.106 


0.234 


36 


0.097 


0.224 


40 


o.ogo 


0.216 



LOSS OF HEAT THROUGH GLASS (Windows). 



Case I. 

When the air in a room and the internal surfaces of walls have 
the same temperature, T = t = t^, 

U = q(T-tJ; 

and for a difference between the external and internal tern- 

T+ T 
perature of 1°, when t^ = ^ = J^, 



U = 1.086 X J^ =^ 0.543, per square foot per hour. 



Note:— q =:r+lj; r = 0.5948; 1, = 0.4912. 
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Case II. 
When the air in a room is of a higher temperature than sur- 
face of wall opposite to window in question, 

U = 0.45, per square foot per hour, on an average. 

Case III. 
When all sides of the room are glass, as in conservatories, 
and temperature of internal air higher than temperature of in- 
ternal surface of glass, 

U = 0.3s, per square foot per hour, on an average. 

NOTES. 

Fresh air inlet openings should be somewhat larger than the 
exit openings. 

The temperature of air in occupied rooms, heated, should be 
about 70", to which the heating apparatus must be proportioned, 
when untler fall working power, in heating the external air from 
its lowest known range ; see table of " Minimum and Mean 
Temperature." 

In indirect radiation, the top of coil must not be higher than 
the bottom of heating or hot air flue ; while in direct radiation, 
the bottom of coil must not be lower than the top of fresh air 
inlet opening. 

The smokestack from boilers is generally placed in aspirat- 
ing chimney, and its heat utilized in rarefying the air in it. 

BOILERS. 

By Total Heating surface of a boiler is understood all that 
superficial area of the boiler in contact with flames and hot 
gases from the fire in the furnace — that is, for cylindrical tubular 
boilers, the lower half of the shell and the whole of all the tubes. 

By Effective Heating surface is understood a certain mean 
between that part of a surface receiving the greatest, and that 
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part receiving the least amount of heat generated in the fur- 
nace — it is the whole of a horizontal surface over a fire or hot 
gas ; one half of a vertical surface in contact with a fire or hot 
gas ; three fourths of the lower half of shell exposed to the fire, 
and half of the area of all tubes or iiues heated internally. On 
an average it is from A to |- of the total heating surface. 

For example : — A cylindrical tubular steam boiler, 4 feet in 
diameter, 15 feet long, and containing 49 tubes, 3 inches in dia- 
meter, has a total heating surface of half of the area of shell in 
addition to the area in the flues, equal to 94 feet in shell (not 
counting the ends) and 577 feet iji flues, total 671 square feet. 
The effective heating surface of this boiler is : ^ of 94 ft., and 
^ of 671 ft., or a total of 406 square feet. 

The heat utilized per square foot of total heating surface, is 
for:— 

Steam boilers, from 1200 to 3600 ) units of heat per 
Hot water boilers, from 600 to 1800 J sq. ft. per hour. 

On an average, 15 square feet of effective, or 25 square feet 
of total heating surface, are required per horsepower, the effi- 
ciency increasing with tlie size of the boiler. 

A cubic foot of water, evaporated (from 60° to 212°) per hour, 
is equal to one horsepower, nominal. The following formula is 
used to compute the effective heating surface for steam boilers. 
Let A = Total effective heating surface of boiler, 
and Hp = Horsepower: 

A = [Hp-f(VHpX2.s)]x8. 

Steam boilers for heating purposes are generally proportioned 
with a greater total heating surface per cubic foot of water 
evaporated, than those used for power only. 

A Hot water boiler requires about twice as much total heating 
surface as a steam boiler for the same amount of work in units 
of heat. 

It requires about 11 18 units of heat to raise the temperature 
of I lb. of water from 60° to 212° and evaporate it ; therefore, i 
horsepower will require, 1118x62.5 = 69875, say 70000, units. 
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HEATING. 



HEATING WITH HOT WATER. 
Practical rules and tables for determining the dimensions 
of a low-pressure (212°) hot-water apparatus, boiler, grate 
surface, heating surface in coils, and size of flow and return 
pipes : 

Reference: — 
A = Superficial area of external walls, exclusive of inside 

partitions, in feet. 
A, = Superficial area of windows, in feet. 
C = Cubic contents of space to be heated, in feet, 
H=^ Total heating surface of boiler, in square feet. 
G= " grate 

R^ Radiating surface in coils, in square feet, 
c = Cubic feet of space heated per square foot of coil, 
r = Square feet of wall " 
r, = " " windows" 

HEATING AND GRATE SURFACE OF BOILER. 
H = - and G = — . 

S 70 

RADIATING SURFACE IN COILS. 
When rooms are exposed on" all sides: — 

R = - + - +^; 
c r r, 

when rooms are exposed to the northwest : — 
R = - + ^— + ^' 



c 1.15 r i.isr, 
when rooms are exposed to the southeast: — 

R = - + ^^+ ^' 



c 1.2 r 1.2 r. 
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SIZE OF PIPES TO AND FROM COILS. 
Reference: — 
R = Superficial area of heating surface in coils, in square ft. 
A == Sectional area of flow or return pipe, in square inches. 
D = Diameter of flow or return pipe, in inclies. 
h = Height of coil above bottom of boiler, in feet. 

A = R 0.009000 — 0.00025 h- 

Tj A 0-7854 D° 

j^ = r = r ; 

0.009000 — 0.000025 " 0.009COO — 0.000025 '^ 



D = 1. 1284 v'R 0.009000 — 0.000025 h. 

The following table of diameter of pipes and coil surface 
they will supply are calculated from the above formulae. 

The table gives the sizes required in practice, wliich are 
ample for any size of apparatus, whether for a concentrated 
or extended system, with due allowance for friction and re- 
tardation from valves or other fittings. 

To find the required size of a pipe, whether flow or return, 
find the square feet of coil surface it must supply, under the 
height over boiler; the diameter will be found in first column 
on the same horizontal line. 

For Example: — A coil containing 153 square feet of heat- 
ing surface, 40 feet above bottom of boiler, requires a ij5^- 
inch-diameter pipe. 
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Diameter of main and branch pipes and square feet of coil 
surface they will supply, in a low-pressure hot-water ap- 
paratus {212°) for direct or indirect radiation, when coils 
are at different altitudes for direct radiation or in the lower 
story for indirect radiation : 





u a 
















c 


i- 


g-s 








DIRECT RADIATION. 












HEIGHl 


OF COIL ABOVE BOTTOM OF BOILER, IN FEET. 




S 





10 


20 


30 


40 


5° 


60 


70 


80 


90 


100 






Sq. ft. 


Sq. ft. 


Sq.ft. 


Sq. ft. 


Sq. ft. 


Sq. ft. 


Sq. ft. 


Sq. ft. 


Sq. ft. 


Sq.f. 


Sq.f. 




r^ 


49 


5° 


52 


S3 


55 


57 


59 


61 


63 


65 


68 


0.4417 


I 


87 


89 


92 


95 


98 


loi 


103 


108 


112 


116 


121 


0.7854 


1% 


136 


140 


144 


149 


153 


158 


161 


169 


175 


182 


189 


1.227 


ij^ 


igo 


202 


209 


214 


222 


228 


235 


243 


252 


261 


271 


1.767 


z 


349 


359 


370 


380 


393 


405 


413 


433 


449 


465 


483 
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HEATING WITH STEAM. 

Practical rules and tables for determining the dimensions 
of a gravity steam-heating apparatus, heating surface of 
boiler, its grate surface, radiating surface, and size of steam 
and return pipes. 

Reference :— 
A = Superficial area of external walls, exclusive of inside 

partitions, in feet. 
A, = Superficial area of windows, in feet. 



g^ HEATING AND VENTILATION. 

C = Cubic contents of space to be heated, in feet. 

H = Total heating surface of boiler, in square feet. 

G = " grate 

R = " radiating surface in heaters or coils, in sq. feet. 

(- ^ Cubic feet of space heated per square foot of radiator. 

r = Square feet of wall 

r = " '' window " 
* 1 

HEATING AND GRATE SURFACE OF BOILER. 
For smaller buildings or private residences : — 
when R = 70 to 200 square feet: — 

H =— and G = — 

5 25 

when R = 200 to 500 square feet: — 

H=| andG= -. 

6 30 

For. public or larger buildings: — 

H = — and G = — . 

7 35 

RADIATING SURFACE IN COILS OR HEATERS. 
When rooms are exposed on all sides: — 

c r Tj 

when rooms are exposed to the northwest: — 

R = - + ^- + ^■ 



c 1. 15 r 1-15 rj 
when roonas are exposed to the southeast: — 

c 1.2 r 1.2 r. 
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SIZE OF STEAM PIPES TO AND FROM RADIATORS. 

Reference:— 
R = Superficial area of radiating surface, in feet. 
D = Diameter of flow pipe to radiators, in inches, 
d == " of return " from " " 

P = Steam pressure, in lbs. per square inch. 
1 = Distance in feet from boiler to radiators or branch, 
w ^= Weight of a cubic foot of steam at pressure P. 





/ 


R 


D = 


=V '«4 


= -l/"' 


R = 


-^- 


V'-^-- 


d = 


v^- 





The diameter of pipes and amount of radiating surface 
they will supply, given in the following tables for different 
boiler pressures, computed from the above formulae, allow 
for all sources of retardation from fittings, such as elbows, 
valves, etc. 

To determine the diameter of a supply branch pipe: — Find the 
area of radiators to be supplied, in the column of areas under 
distances from boiler; the dimension given in first column on 
the same horizontal line will be the required size. 

To determine the diameter of the main supply pipe: — In the 
column under distances from boiler, where a branch pipe is 
taken off, find the area of all radiators supplied from this point; 
the required size of pipe will be found in the first column on 
the same horizontal line. 

Example : — Steam pressure i lb., area of radiator 45 ft., 
400 ft. from boiler, necessary pipe i inch diameter for 
branch pipe. Total area of radiators to be supplied, from 
this point say 1000 ft. Under column of distances for 400 ft. 
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we find 1037, and the corresponding diameter of pipe in first 
column 3J^ inches. 

Diameter of sieam supply pipes and sq. ft. of radiating smface 
theywill furnish with steam from 9 to (>2'^ feet from boiler. 
STEAM PRESSURE i LB. PER SQUARE INCH. 215.50 



Diameter 
of pipe, 


DISTANCE OF R.-IDIATOR FROM BOILER, IN FEET. 


















in inches. 
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Sq. ft. 
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STEAM PRESSURE 3 LBS. PER 


SQUARE INCH. 222°. 


Diameter 
of pipe, 




DISTANCE OF RADIATOR FROM BOILRR, I\ FEET. 


. 


















in inches. 


9 


64 


100 


225 


324 


400 


484 


625 




Sq. ft. 


Sq. ft. 


Sq. ft. 


Sq. ft. 


Sq. ft. 


Sq. ft. 


Sq. ft. 


Sq. ft. 


y^ 
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Diameter of steam supply pipes and sq. ft. of radiating surface 
they will furnish with steam from 9 to 62^1 feet from boiler. 
STEAM PRESSURE 5 LBS. PER SQUARE INCH. 227.5°. 



% 



2 

2K 

3 

3J^ 

4 

4i^ 

5 

6 

7 

8 

9 
10 



DISTANCE or RADIATOR FROM BOU-ER, IN FEET. 



Sq. ft. 
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64 



Sq. ft. 

no 

224 
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324. 



Sq. ft. 
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Sq. ft, 
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Sq. ft. 
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1065 1 

14934 
20052 
26094 



625 



Sq. ft. 

35 

72 

127 

200 

412 
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2331 
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4216 

6412 

11412 
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22963 



STEAM PRESSURE 10 LBS. PER SQUARE INCH. 2400 



Diameter 




DISTANCE OF RADIATOR F 


iOM BOILER, IN FEET. 




in inches. 
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Scientific Uses. Square 32mo, limp cloth 50 

CRAIG, Prof. THOS. Elements of the Mathematical 

Theory of Fluid Motion. i6mo, cloth gi.25 

GUMMING, LINNiEUS, M.A. Electricity treated 

Experimentally. For the use of Schools and Students. New edition. 
i2mo, cloth $1.50 

DIXON, D. B. The Machinist's and Steam-Engineer's 

Practical Calculator. A Compilation of Useful Rules, and Prc/blems 
arithmetically solved, together with General Information applicable 
to Shop-Tools, Mill-Gearing, Pulleys and Shafts, Steam-Boilers and 
Engines. Embracing valuable Tables, and Instruction in Screw- 
cutting, Valve and Link Motion, etc. i6mo, full morocco, pocket 
form $2.00 

DODD, GEO. Dictionary of Manufactures, Mining, 

Machinery, and the Industrial Arts. l2mo, cloth .... $1.50 

DORR, B. F. The Surveyor's Guide and Pocket Table 
Book. i8mo, morocco flaps $2.00 

DUBOIS, A. J. The New Method of Graphical Statics. 
With 60 illustrations. Svo, cloth ' $i-So 

EDDY, Prof. H. T. Researches in Graphical Statics. 

Embracing New Constructioi;s in Graphical Statics, a New General 
Method in Graphical Statics, and the Theory of Internal Stress in 
Graphical Statics. Svo, cloth $1.50 

ELIOT, Prof. C. W., and STORER, Prof. F. H. A 

Compendious Manual of Qualitative Chemical Analysis. Revised 
with the co-operation of the authors, by Prof. William R. Nichols. 
lUastrated. i2mo, cloth $1.50 
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FANNING, J. T. A Practical Treatise on Hydraulic 
and Water-Supply Engineering. Relating to the Hydrology, Hydro- 
dynamics, and Practical Construction of Water- Works in North 
America. Fifth edition. With numerous tables and i8o illustra- 
tions. 650 pages. 8vo, cloth. Sixth edition, revised, enlarged, and 
new tables and illustrations added $5.00 

FISKE, Lieut. BRADLEY A., U.S.N. Eltctricity in 
Theory and Practice ; or. The Elements of Electrical Engineering. 
Fifth edition. 8vo, cloth $2.50 

FORBES, Prof. GEORGE. Galvanic Batteries. In Press. 

FOSTER, Gen. J. G., U.S.A. Submarine Blasting in 
Boston Harbor, Massachusetts. Removal of Tower and Corwin 
Rocks. Illustrated with 7 plates. 4to, cloth $3.50 

FRANCIS, JAS. B., C.E. Lowell Hydraulic Experi- 
ments. Being a selection from experimenfe on Hydraulic Motors, 
on the Flow of Water over Weirs, in open Canals of uniform rec- 
tangular section, and through submerged Orifices and diverging 
Tubes. Made at Lowell, Mass. Fourth edition, revised and en- 
larged, with many new experiments, and illustrated with 23 copper- 
plate engravings. 4to, ciotli .... $15.00 

GILLMORE, Gen. Q. A. Treatise on Limes, Hydraulic 

Cements, and Mortars. Papers on Practical Engineering, United 
States Engineer Department, No. 9, containing Reports of numerous 
Experiments conducted in New York City during the years 1858 tu 
1861, inclusive. With numerous illustrations. 8vo, cloth . $4.00 

• Practical Treatise on the. Construction of Roads, 

Streets, and Pavements. With 70 illustrations. i2mo, cloth, $2.00' 

Report on Strength of the Building-Stones in the 

United States^ etc. 8vo, illustrated, cloth $1.00 

GOODEVE, T, M. A Text-Book on the Steam-Engine. 

With a supplement on Gas-Engines. Ninth edition. 143 illustra- 
tions. l2mo, cloth $2.00 

GORDON, J. E. H. Four Lectures on Static Induction. 

i2mo, cloth - $o-8o 

School Electricity. lamo, cloth ^2.00 

GRIMSHAW, ROBERT, M.E. The Steam Boiler 

Catechism. A Practical Book for Steam Engineers, Firemen, and 
Owners and Makers of Boilers of any kind. Illustrated. Thick 

i8mo, cloth $2.00 

GRUNER, M. L. The Manufacture of Steel. Translated 
from the French, by Lenox Smith ; with an appendix on the Bessemer 
nrocess in the United States, by the translator. Illustrated. 8vo, 
cloth »3-S9 
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HALF-HOURS WITH MODERN SCIENTISTS. 

Lectures and Essays, by Profs. Huxley, Barker, Stirling, Cope, 
Tyndall, Wallace, Roscoe, Huggins, Lockyer, Young, Mayer, and 
Reed. Being the University Series bound up. Witli a general in- 
troduction by Noah Porter, President of Yale College. 2 vols., 
i2mo, cloth, illustrated $2.50 

HAMILTON, W. G. Useful Information for Railway 

Men. Sixth edition, revised and enla'rged. 562 pages, pocket form. 
Morocco, gilt $2.00 

HARRISON, W. » The Mechanic's Tool Book. With 
Practical '°^\zi ana Suggestions for use of Machinists, Iron- Workers, 
»»^ Sthers. Illustrated with 44 engravings. i2mo, cloth. . $1.50 

riASKINS, C. H. The Galvanometer and its Uses. A 

Manual for Electricians and Students. Second edition. i2mo, 
morocco $i-So 

HEAP, Major D. P., U.S.A. Electrical Appliances of 

the Present Day. Report of the Paris Electrical Exposition of 1881. 
250 illustrations. 8vo, cloth $2.00 

HERRMANN, Gustav. The Graphical Statics of Mech- 
anism. A Guide for the Use of Machinists, Architects, and 
Engineers; and also a Text-book for Technical Schools. Trans- 
lated sind annotated by A. P. Smith, M.E. i2mo, cloth, 7 folding 
plates $2.00 

HEWSON, WM. Principles and Practice of embanking 

Lands from River Floods, as applied to the Levees of the Missis- 
sippi. Svo, cloth $2.00 

HENRICI, OLANE. Skeleton Structures, Applied to 

the Building of Steel and Iron Bridges. Il'.ustrated . . . $1.50 

HOti-EY, ALEXANDER L. Railway Practice. Ameri- 
can and European Railway Practice in the Economical Generation of 
Steam, including the Materials and Construction of Coal-burning 
Boilers, Combustion, the Variable Blast, Vfoorization, Circulation, 
Superheating, supplying and heating Feed W?ter, etc., and the Adap- 
tation of Wood and Coke-burning Engines to Coal-burning; and in 
Permanent Way, including Road-bed, Sleeper>, Rails, Joint Fasten- 
ings, Street Railways, etc. With 77 lithogwphed plates. Folio, 
cloth $i2.oo 

HOWARD, C. R. Earthwork Mensura'^ion on the Basis 
of the Prismoidal Formulae. Containing Simple and Labor-saving 
Method of obtaining Prismoidal Contents directly from End Areas. 
Illustrated by Examples, and accompanied by Pk,in Rules for Prac- 
tical Uses. Illustrated. Svo, cloth $1.50 

ISHERWOOD, B. F. Engineering Preced??nts f-«r Steam 

Machinery. Arranged in the most practical and w^f'il *nanner for 
Engineers. With illustrations. 2 vols, in i. Svo, cloth . . $2.50 
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JANNETTAZ, EDWARD. A Guide to the Determina- 
tion of Rocks : being an Introduction to Lithology. Translated 
from the French by G. W. Plympton, Professor of Physical Science 
at Brooklyn Polytechnic Institute. i2mo, cloth $1.50 

JONES, H. CHAPMAN. Text-Book of ExperimentaT 

Organic Chemistry for Students. i8mo, cloth jfi.oo 

JOYNSON, F. H. The Metals used in Construction: 

Iron, Steel, Bessemer Metal, etc. Illustrated. i2mo, cloth . .75 

Designing and Construction of Machine Gearing. 

Illustrated. 8vo, cloth $2.00 

KANSAS CITY BRIDGE, THE. With an Account of the 
Regimen of the Missouri River, and a Description of the Methods 
used for Founding in that River. By O. Chanute, Chief Engineer, 
and George Morrison, Assistant Engineer. Illustrated with 5 litho- 
graphic views and 12 plates of plans. 4to, cloth |6.oo 

KAPP, GISBERT, C.E. Electric Transmission of 

Energy, and its Transformation, Subdivision, and Distribution. A 
practical handbook. i2mo, cloth $3-00 

KING, W. H. Lessons and Practical Notes on Steam. 

The Steam-Engine, Propellers, etc., for Young Marine Engineers, 
Students, and others. Revised by Chief Engineer J. W. King, United 
States Navy. Nineteenth edition, enlarged. 8vo, cloth . . $2.00 

KIRKWOOD, JAS. P. Report on the Filtration of 

River Waters for the supply of Cities, as practised in Europe, made 
to the Board of Water Commissioners of the city of St. Louis. 
Illustrated by 30 double-plate engravings. 4to, cloth . . . $15.00 

LARRABEE, C. S. Cipher and Secret Letter and Tele- 
graphic Code, with Hogg's Improvements. The most perfect Secret 
Code ever invented or discovered. Impossible to read without the 
key. i8mo, cloth 60 

LARDEN, W., M.A. A School Course on Heat. i2mo, 

halfleafher $2.00 

LEITZE, ERNST. Modern Heliographic Processes. 

A Manual of Instruction in the Art of Reproducing Drawings, 
Engravings, etc., by the action of Light. With 32 wood cuts and 
ten specimens of Heliograms. 8vo, cloth $3-°o 

LOCKWOOD, THOS. D. Electricity, Magnetism, and 

Electro-Telegraphy. A Practical Guide for Students, Operators, and 
Inspectors. 8vo, cloth i?2.5o 

LORING, A. E. A Handbook on the Electro -Magnetic 

Telegraph. Paper boards S" 

Cloth • -75 

Morocco • %^-o9 
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MAIER, JULIUS, Ph.D. Arc and Glow Lamps. A 

PractinI Handbook on Electric Lighting. Illustrated. i2mo, 
cloth $3.00 

MACGREGOR, WM. Gas-Engines: their Theory and 

Management. Folding plates, i2mo, cloth if 3.00 

MACCORD, Pro:. C. W. A Practical Treatise on the 

Slide-Valve by Eccentrics, examining by methods the action of the 
Eccentric upon the Slide-Valve, and explaining the practical pro 
cesses of laying out the movements, adapting the Valve for its 
various duties in the Steam-Engine. Second edition. Illustrated. 
4to, cloth §2.50 

MCCULLOCH, Prof. R. S. Elementary Treatise on 

the Mechanical Theory of Heat, and its application to Air and 
Steam Engines. 8vo, cloth I3.50 

MERRILL, Col. WM. E., U.S.A. Iron Truss Bridges 

for Railroads. The method of calculating strains in Trusses, with a 
careful comparison of the most prominent Trusses, in reference to 
economy in combination, etc. Illustrated. 4to, cloth. 4th ed., $5.00 

MICHIE, Prof. P. S. Elements of Wave Motion relat- 
ing to Sound and Light. Second edition. Textbook for the Linited 
States Military Academy; 8vo, cloth, illustrated $S-oo 

MINIFIE, W^M. Mechanical Drawing. A Textbook of 
Geometrical Drawing for the use of Mechanics and Schools, in 
which the Definitions and Rules of Geometry are familiarly explained; 
the Practical Problems are arranged from the most simple to the 
more complex, and in their description technicalities are avoided as 
much as possible. With illustrations for Drawing Plans, Sections, 
and Elevations of Railways and Machinery; an Introduction to 
Isometrical Drawing, and an Essay on Linear Perspective and 
Shadows. Illustrated with over 200 diagrams engraved on steel. 
Ninth thousand. With an appendix on the Theory and Application 
of Colors. 8vo, cloth $4.00 

Geometrical Drawing. Abridged from the octavo edition, 

for the use of schools. Illustrated with 48 steel plates. Eighth 
edition. i2mo, cloth $2.00 

MODERN METEOROLOGY. A Series of Six Lectures, 
delivered under the auspices of the Meteorological Society in 1878. 
Illustrated. i2mo, cloth $1.50 

MORRIS, E. Easy Rules for the Measurement of 

Earthworks by means of the Prisraoidal Formula. 8vo, cloth, 
illustrated $1.50 

MOTT, H. A., Jun. A Practical Treatise on Chemistry 

(Qualitative and Quantitative Analysis), Stoichiometry, Blow-pipe 
Analysis, Mineralogy, Assaymg, Pharmaceutical Preparations, Human 
Secretions, Specific Gravities, Weights and Measures, etc. New 
edition, 1883. 650 p-""- °— cloth 
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MULLIN, JOSEPH P., M.E. Modern Moulding and 

Pattern-Making. A Practical Treatise upon Pattern-Shop and 
Foundry Woric : embracing tlie Moulding of Pulleys, Spur Gears, 
Worm Gears, Balance-Wheels, Stationary Engine and Locomotive 
Cylinders, Globe Valves, Tool Work, Mining Machinery, Screw Pro- 
pellers, Pattern-Shop Machinery, and the latest improvements in 
Etiglish and American Cupolas ; together with a large collection of 
original and carefully selected Rules and Tables, for every-day use 
in the Drawing-Office, Pattern-Shop, and Foundry. i2mo, cloth, 
illustrated i if 2.50 

MUNRO, JOHN, C.E., and JAMIESON, ANDREW, 

C.E. A Pocketbook of Electrical Rules and Tables, for the use of 
Electricians and Engineers. Fifth edition, revised and enlarged. 
With numerous diagrams. Pocket size. Leather .... $2.50 

NAQUET, A. Legal Chemistry. A Guide to the Detection 
of Poisons, Falsification of Writings, Adulteration of Alimentary and 
Pharmaceutical Substances, Analysis of Ashes, and examination of 
Hair, Coins, Arms, and Stains, as applied to Chemical Jurisprudence, 
for the use of Chemists, Physicians, Lawyers, Pharmacists, and 
Experts. Translated, with additions, including a list of books and 
memoirs on Toxicology, etc., from the French, by J. P. Battershall, 
Ph.D., with a preface by C. F. Chandler, Ph.D., M.D., LL.D. i2mo, 
cloth $2.00 

NOBLE, W. H. Useful Tables. Pocket form, cloth, .50 

NIPHER, FRANCIS E., A.M. Theory of Magnetic 

Measurements, with an appendix on the Method of Least Squares. 
i2mo, cloth $1.00 

NUGENT, E. Treatise on Optics; or, Light and Sight, 

theoretically and practically treated, with the appUcation to Fine Art 
and Industrial Pursuits. With 103 illustrations. i2mo, cloth, $1.50 

PEIRCE, B. System of Analytic Mechanics. 4to, 
cloth , . . . , $io.oc 

PLANE TABLE, The. Its Uses in Topographical Surveying. 
From the Papers of the United States Coast Survey. Illustrated. 

8vo, cloth i52.oo 

" This work gives a description of the Plane Table employed at the 

United States Coast Survey office, and the manner of using it." 

PLATTNER. Manual of Qualitative and Quantitative 

Analysis with the Blow-Pipe. From the last German edition, revised 
and enlarged, by Prof. Th. Richter of the Royal Saxon Mining 
Academy. Translated by Prof. H. B. Cornwall, assisted by John H. 
Caswell. Illustrated with 87 woodcuts and one lithographic plate, 
fourth edition, revised. 560 pages. 8vo, cloth . . , . . $S-^o 
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PLANTE, GASTON. The Storage of Electrical Energy, 

and Researches in the Effects created by Currents, combining Quan- 
tity with High Tension. Translated from the French by Paul B. 
Elwell. 89 illustrations. 8vo $4.00 

PLYMPTON, Prof. GEO. W. The Blow-Pipe. A 

Guide to its use in the Determination of Salts and Minerals. Com. 
piled from various sources, izmo, cloth $1.50 

•- The Aneroid Barometer : its Construction and Use. 

Compiled from several sources. i6mo, boards, illustrated . .50 
Morocco $1.00 

The Star-Finder ; or, Planisphere, with Movable 

Horizon. Printed in colors on fine cardboard, and in accordance 
with Proctor's Star Atlas 50 

POCKET LOGARITHMS, to Four Places of Decimals, 

including Logarithms of Numbers, and Logarithmic Sines and Tan- 
gents to Single Minutes. To which is added a Table of Natural 

Sines, Tangents, and Co-Tangents. i6mo, boards 50 

Morocco $1.00 

POOK, S. M. Method of comparing the Lines and 

Draughting Vessels propelled by Sail or Steam. Including a chapter 
on Laying-of£ on the Mould-Loft Floor, i vol. Svo, with illustra- 
tions, cloth 

POOLE, Capt. D. C. Among the Sioux of Dakota; or, 

Eighteen Months' Experience as an Indian Agent. i2mo . $1.25 

POPE, F. L. Modern Practice of the Electric Tele- 
graph. A Handbook for Electricians and Operators. Eleventh 
edition, rerised and enlarged, and fully illustrated. Svo, cloth, $1.50 

PREECE, W. H., and MAIER, J. The Telephone. In 

Press. 

PRESCOTT, Prof. A. B. Organic Analysis. A Manual 
of the Descriptive and Analytical Chemistry of certain Carbon Com- 
pounds in Common Use; a Guide in the Qualitative and Quantitative 
Analysis of Organic Materials in Commercial and Pharmaceutical 
Assays, in the estimation of Impurities under Authorized Standards, 
and in Forensic Examinations for Poisons, with Directions for Ele- 
mentary Organic Analysis. Svo, cloth $5.00 

— — Outlines of Proximate Organic Analysis, for the 

Identification, Separation, and Quantitative Determination of the 
more commonly occurring Organic Compounds. i2mo, cloth, $1.75 

Chemical Examination of Alcoholic Liquors. A 

Manual of the Constituents of the Distilled Spirits and Fermented 
Liquors of Commerce, and their Qualitative and Quantitative Deter- 
minations, l2mo, clot' $f./Q 
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PRESCOTT, Prof. A. B. First Book in Qualitative 
Chemistry. Second edition. i2mo, cloth ....... iSi.50 

and OTIS COE JOHNSON. Qualitative Chemical 

Analysis. A Guide in the Practical Study of Chemistry and in 
the work of Analysis. Fourth fully revised edition. With De- 
scriptive Chemistry extended throughout $3- 50 

PULSIFER, W. H. Notes for a History of Lead. 8vo, 
cloth, gilt tops $4.00 

PYNCHON, Prof. T. R. Introduction to Chemical 

Physics, designed for the use of Academies, Colleges, and High 
Schools. Illustrated with numerous engravings, and containing 
copious experiments with directions for preparing them. New 
edition, revised and enlarged, and illustrated by 269 illustrations on 
wood. Crown 8vo, cloth , . . . $3.00 

RAMMELSBERG, C. F. Guide to a Course of Quan- 
titative Chemical Analysis, especially of Minerals and Furnace Pro- 
ducts. Illustrated by examples. Translated, by J. Towler, M.D. 
8vo, cloth 

RANDALL, P. M. Quartz Operator's Handbook. New 

edition, revised and enlarged, fully illustrated. i2mo, cloth . $2.00 

RANKINE, W. J. MACQUORN, C.E., LL.D., F.R.S. 

Applied Mechanics. Comprising the Principles of Statics and Cine- 
matics, and Theory of Structures, Mechanism, and Machines. With 
numerous diagrams. Eleventh edition. Crown Bvo, cloth . $5.00 

Civil Engineering. Comprising Engineering Surveys, Earth- 
work, Foundations, Masonry, Carpentry, Metal-Work, Roads, Rail- 
ways, Canals, Rivers, Water-Works, Harbors, etc. With numerous 
tables and illustrations. Sixteenth edition. Crown Bvo, cloth, $6.50 

. Machinery and Millwork. Comprising the Geometry, 

Motions, Work, Strength, Construction, and Objects of Machines, 
etc. Illustrated with nearly 300 woodcuts. Sixth edition. Crown 
8vo, cloth ^S-oo 

The Steam-Engine and Other Prime Movers. With 

diagram of the Mechanical Properties of Steam, foldmg plates, 
numerous tables and illustrations. Twelfth edition. Crown 8vo, 
cloth ^5°o 

Useful Rules and Tables for Engineers and Others. 

With appendix, tables, tests, and formulae for the use of Electrical 
Eneineers. Comprising Submarine Electrical Engineering, Electric 
Lighting, and Transmission of Power. By Andrew Jamieson, C.t., 
F.R.S.E. Sixth edition. Crown 8vo, cloth M-oo 

A Mechanical Textbook. By Prof. Macquom Rankine 

,r,rl F F Bamber, C.E. With numerous illustrations. Third 
anu i-. i • 7 ..... S'?.50 
edition '^ ^^ ^ 
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REED'S ENGINEERS' HANDBOOK, to the Local 

Marine Board Examinations for Certificates of Competency as First 
■and Second Class Engineers. By W. H. Tliorn. With the answers 
to the Elementary Questions. Illustrated by 297 diagrams and 36 
large plates. Twelfth edition, revised and enlarged. 8vo, cloth, $5.00 

REID, Lieut.-Col. W. Law of Storms. An attempt to 
develop the Law of Storms by means of Facts, arranged according 
to Place and Time, and hence to point out a Cause for the Variable 
Winds, with a View to Practical Use in Navigation. Large 8vo, 
cloth, with maps $5-oa 

RICE, Prof. J. M., and JOHNSON, Prof. W. W. On a 

New Method of obtaining the Differentials of Functions, with espe- 
cial reference to the Newtonian Conception of Rates or Velocities, 
i2mo, paper 50 

ROEBLING, J. A. Long and Short Span Railway 

Bridges. Illustrated with large copperplate engravings of plans and 
views. Imperial folio, cloth $25.00 

ROGERS, Prof. H. D. The Geology of Pennsylvania. 

A Government Survey, with a General View of the Geology of the 
United States, essays on the Coal Formation and its Fossils, and a 
description of the Coal Fields of North America and Great Britain. 
Illustrated with plates and engravings in the text. 3 vols. 4to, 
cloth, with portfolio of maps $15.00 

ROSE, JOSHUA, M.F.. The Pattern-Maker's Assistant. 

Embracing Lathe Work, Branch Work, Core Work, Sweep Work 
and Practical Gear Constructions, the Preparation and Use of Tools, 
together with a large collection of useful and valuable Tables. Third 
edition. Illustrated with 250 engravings. 8vo, cloth . . . $2.50 

SABINE, ROBERT. History and Progress of the 

Electric Telegraph. With descriptions of some of the apparatus. 
Second edition, with additions. i2mo, cloth $1.25 

SAELTZER, ALEX. Treatise on Acoustics in Connec- 
tion with Ventilation. i2mo, cloth $1.00 

SALOMONS, Sir DAVID, M.A. Management of 

Accumulators and Private Electric-Light Installations. A Practical 
Handbook. Third edition, revised and enlarged. i2mo, cloth, $1.50 

SAUNNIER, CLAUDIUS. Watchmaker's Handbook. 

A Workshop Companion for those engaged in Watchmaking and 
allied Mechanical Arts. Translated by J. Tripplin and E. Rigg. 
Second edition, revised and appendix. i2mo, cloth .... $3.50 

SAWYER, W^. E. Electric -Lighting by Incandescence, 

and its Application I0 Interior Illumination. A Practical Treatise. 
With 96 illustrations. Third edition. 8vo, cloth 
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SCHUMANN, F. A Manual of Heating and Ventilation 

in its Practical Application, for the use of Engineers and Architects. 
Embracing a series of Tables and Formul;e for dimensions of heat- 
ing, flow and return pipes for steam and hot-water boilers, flues, etc. 
l2mo, illustrated, full roan $1.50 

Formulas and Tables for Architects and Engineers 

in calculating the strains and capacity of structures in Iron and 
Wood. i2mo, morocco, tucks $1.50 

SCIENCE SERIES, Van Nostrand's. See List. 

SCRIBNER, J. M. Engineers' and Mechanics' Com- 

panion. Comprising United States Weights and Measures, Men 
suration of Superfices and Solids, Tables of Squares and Cubes, 
Square and Cube Roots, Circumference and Areas of Circles, the 
Mechanical Powers, Centres of Gravity, Gravitation of Bodies, Pen- 
dulums, Specific Gravity of Bodies, Strength, Weight, and Crush of 
Materials, Water- Wheels, Hydrostatics, Hydraulics, Statics, Centres 
of Percussion and Gyration, Friction Heat, Tables of the Weight of 
Metals, Scantling, etc.. Steam and the Steam-Engine. Nineteenth 
edition, revised. i6mo, full morocco $i-S(I 

,»,, — Engineers', Contractors', and Surveyors' Pocket 

Table-Book. Comprising Logarithms of Numbers, Logarithmic 
Sines and Tangents, Natural Sines and Natural Tangents, the 
Traverse Table, and a full and complete set of Excavation and Em- 
bankment Tables, together with numerous other valuable tables for 
Engineers, etc. Eleventh edition, revised. l6mo, full morocco, 

gCHELLEN, Dr. H. Magneto-Electric and Dynamo- 
Electric Machines : their Construction and Practical Application to 
Electric Lighting, and the Transmission of Power. Translated from 
the third German edition by N. S. Keith and Percy Neymann, Ph.D. 
With very large additions and notes relating to American Machines, 
by N. S. Keith. Vol. h, with 353 illustrations. Second edi- 
tion $S-"<3 

SHIELDS, J. E. Notes on Engineering Construction. 

Embracing Discussions of the Principles involved, and Descriptions 
of the Material employed, in Tunnelling, Bridging, Canal and Road 
Building, etc. i2mo, cloth $1-5'^ 

SHOCK, Chief-Eng. W. H. Steam-Boilers : their De- 
sign, Construction, and Management. 450 pages text. Illustrated 
with I JO woodcuts and 36 full-page plates (several double). Quarto, 
half morocco $15.00 

SHREVE, S. H. A Treatise on the Strength of Bridges 

and Roofs. Comprising the determination of Algebraic formulas for 
strains in Horizontal, Inclined or Rafter, Triangular, Bowstring, 
Lenticular, and other Trusses, from fixed and moving loads, with 
practical applications and examples, for the use of Students and En- 
gineers. 87 woodcut illustrations. Third edition. 8vo, cloth, fo-So 
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SHUNK, W. F. The Field Engineer. A handy book of 
practice in the Survey, Location, and Track-work of Railroads, con- 
taining a large collection of Rules and Tables, original and selected, 
applicable to both the Standard and Narrow Gauge, and prepared 
with special reference to the wants of the young Engineer. Seve^ith 
edition. i2mo, morocco, tucks $2.50 

SIMMS, F. W. A Treatise on the Principles and Prac- 
tice of Levelling. Showing its application to purposes of Railway 
Engineering, and the Construction of Roads, etc. Revised and 
corrected, with the addition of Mr. Laws' Practical Examples for 
setting out Railway Curves. Illustrated. 8vo, cloth . . . $2.50 

SLATER, J. W. Sewage Treatment, Purification, and 

Utilization. A Practical Manual for the Use of Coporations, Local 
Boards, Medical Officers of Health, Inspectors of Nuisances, Chem- 
ists, Manufacturers, Riparian Owners, Engineers, and Rate-payers. 
i2mo, cloth $2.25 

SMITH, ISAAC W., C.E. The Theory of Deflections 

and of Latitudes and Departures. With special applications to 
Curvilinear Surveys, for Alignments of Railway Tracks. Illustrated. 
i6mo, morocco, tucks $3-oo 

SIMMS, FRED. W. Practical Tunnelling. Explaining 
in detail Setting-out of the Work, Shaft-sinking, Sub-excavating, 
Timbering, etc., with cost of work. 8vo, cloth .... $7 50 

STAHL, A. W., and WOODS, A. T. Elementary 

Mechanism. A Text-Book for Students of Mechanical Engineering 
l2mo $2.00 

STALEY, CADY, and PIERSON, GEO. S. The Sepa- 
rate System of Sewerage : its Theory and Construction. 8vo, 
cloth I2.50 

STEVENSON, DAVID, F.R.S.E. The Principles and 

Practice of Canal and River Engineering. Revised by his sons 
David Alan Stevenson, B. Sc, F.R.S.E., and Charles Alexander 
Stevenson, B. Sc, F.R.S.E., Civil Engineer. Third edition, with 
17 plates. 8vo, cloth $g.oo 

— The Design and Construction of Harbors. A Treatise 
on Maritime Engineering. Third edition, with 24 plates. 8vo, 
cloth $9.50 

STILES, AMOS. Tables for Field Engineers. De- 
signed for use in the field. Tables containing all the functions of a 
one degree curve, from which a corresponding one can be found for 
any required degree. Also, Tables of Natural Sines and Tangents. 
i2mo, morocco, tucks $2.00 

STILLMAN, PAUL. Steam-Engine Indicator and the 

Improved Manometer Steam and Vacuum Gauges: their Utility and 
Application. New edition. i2mo, flexible cloth jfi.oj 
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STONEY, B. D. The Theory of Stresses in Girders 

and Similar Structures. With observations on the application of 
Theory to Practice, and Tables of Strength, and other properties ot 
Materials. New revised edition, with numerous additions on Graphic 
Statics, Pillars, Steel, Wind Pressure, Oscillating Stresses, Working 
Loads, Riveting, Strength and Tests of Materials. 8vo, 777 pages, 
143 illustrations, and 5 folding plates $12.50 

STUART, B. How to become a Successful Engineer. 

Being Hints to Youths intending to adopt the Profession. Sixth 
edition. i2mo, boards 

SWEET, S. H. Special Report on Coal, showing its 

Distribution, Classification, and Cost delivered over different routes 
to various points in the State of New York and the principal cities 
on the Atlantic Coast. With maps. 8vo, cloth $3-oo 

SWINTON, ALAN A. CAMPBELL. The Elementary 

Principle of Electric Lighting. Illustrated. i2mo, cloth. . . .60 

TONER, J. M. Dictionary of Elevations and Climatic 

Register of the United States. Containing, in addition to Eleva- 
tions, the Latitude, Mean Annual Temperature, and the total Annual 
Rainfall of many localities, With a brief Introduction on the 
Orographic and Physical Peculiarities of North America. 8vo> 
cloth ■ $3.75 

TUCKER, Dr. J. H. A Manual of Sugar Analysis. In- 
cluding the Applications in General of Analytical Methods to the 
Sugar Industry. With an Introduction on the Chemistry of Cane 
Sugar, Dextrose, Levulose, and Milk Sugar. 8vo, cloth, illus- 
trated $3.50 

TUNNER, P. A Treatise on Roll-Turning for the 

Manufacture of Iron. Translated and adapted by John B. Pearse of 
the Pennsylvania Steel- Works, with numerous engravings, woodcuts, 
and folio atlas of plates $10.00 

UNIVERSAL (The) TELEGRAPH CIPHER CODE. 

Arranged for General Correspondence. i2mo, cloth . . . $1.00 

VAN NOSTRAND'S Engineering Magazine. Complete 
sets, 1869 to 1886 inclusive, in 35 vols, in numbers .... $20.00 

Complete sets, in 35 vols., in cloth $40.00 

Complete sets, in 35 vols., in half morocco $90.00 

VAN WAGENEN, T. F. Manual of Hydraulic Mining. 

For the Use of the Practical Miner. i8mo, cloth .... $1.00 

WAINWRIGHT, Col. WM. P. Animal Locomotion. 

Radical Mechanics of Animal Locomotion, with Remarks on the 
Setting-up of Soldiers, Horse and Foot, and on the suppling of 
Cavalrv Horses. i2mo. $1.75 
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WALKER, FRED. W.,M.E. Practical Dynamo-Build- 

ing for Amateurs. i2nio, cloth 80 

WALKER, W. H. Screw Propulsion. Notes on Screw 
Propulsion, its Rise and History. 8vo, cloth 75 

WANKLYN, J. A. A Practical Treatise on the Exami- 

nation of Milk and ts Derivatives, Cream, Butter, and Cheese. 
i2mo, cloth gi.oo 

WARD, J. H. Steam for the Million. A Popular Treatise 
on Steam, and its application to the Useful Arts, especially to Navi- 
gatioTj. 8vo, cloth $1.00 

WARING, GEO. E., Jr. Sewerage and Land Drainage. 

L&rge Quarto Volume. Illustrated with wood- cuts in the text, and 
full-page and folding plates $6.00 

WATT, ALEXANDER. Electro-Deposition. A Practi- 
cal Treatise on the Electrolysis of Gold, Silver, Copper, Nickel, and 
other Metals, with Descriptions of Voltaic Batteries, Magneto and 
Dynamo-Electric Machines, Thermopiles, and of the Materials 
and Processes used in every Department of the Art, and several chap- 
ters on Electro-Metallurgy. With numerous illustrations. Second 
edition, revised and corrected. Crown Svo, 568 pages . . . $3.50 

Electro- Metallurgy Practically Treated. Sixth edition, 

considerably enlarged. ;2mo, cloth $1.00 

WEISBACH, JULIUS. A Manual of Theoretical 

Mechanics. Translated from the fourth augmented and improved 
German edition, with an Introduction to the Calculus by Eckley B. 
Coxe, A.M., Mining Engineer. 1,100 pages, and 902 woodcut illus- 
trations. 8vo, cloth $10.00 

Sheep it 1. 00 

WEYRAUCH, J. J. Strength and Calculations of 

Dimensions of Iron and Steel Construction, with reference to the 
Latest Experiments. i2mo, cloth, plates $1.00 

WHIPPLE, S., C.E. An Elementary and Practical 

Treatise on Bridge Building. 8vo, cloth .... ... $4.00 

WILLIAMSON, R. S. On the Use of the Barometer on 

Surveys and Reconnoissances. Part I. Meteorology in its Connec- 
tion with Hypsometry. Part II. Barometric Hypsometry. With 
illustrative tables and engravings. 4to, cloth $15.00 

Practical Tables in Meteorology and Hypsometry, 

in connection with the use of the Barometer. 4to, cloth . . $2.50 

WRIGHT, T. W. A Treatise on the Adjustment of 

Observations. With applications to Geodetic Work, and other 
Measures of Precision.. 8vo, cloth . $4.00 



